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PREFACE 


This l)00lc is intended to provide a short course in the calculation 
of stresses in franiecl structures and to give a brief discussion of mill 
building conslruclion. The hook is intended to supplement the elemen- 
tary bonks on stresses on the oiu! hand, and the more elaborate treatises 
on bridge design on the other. While the book is concerned cliielly 
with mill buildings it is nevertlieless true that nmeh of the matter will 
apply equally well to all classes of steel frame construction. 

In the course in stresses an attempt ha.s been made to give a 
concise, logical and systematic treatment. Uoth the algebraic and graphic 
meXhods of calculating stresses are fully de.scrihed and illustrated, Jtach 
.step in the .solulion is fully ex[»laincd and analyzed so that the student 
will get a dermite idea of llie. underlying principles. 

Altenlion is called to the gr.tphic solutions of the transverse hent, 
the portal and the twn-hinge<l arch, which are helieved to be new, and 
have proved their worth by actual test in the class room. The diagram 
for finding the stress in eye-bars dne to their own weight is new, and its 
it.se will .save con.sideralik' time i.t designing bridges. 

In the discussion of mill huiUling construction the aim has been to 
describe the niellinds of constrnelinn and the material used, togelber 
with a brief Ireatmeut of mill Iniilding tlesign, and the making of c.sti- 
mates of weight and cost. The underlying idea has been to give 
methftds, data and fletails not ordintirily available, ami to (H.scns.s the 
matter presented iti a way to assist tlie engineer in making Ills cle.sigiis 
and the tlelailer in developing the designs in the drafting room. Every 
engineer should he familiar and be provided with one or more of llie 
standard IiandiKtoks, and llierefore only such tables as arc not ordinarily 
available are given. 
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Pri-u-ac-r 


The present book is a result of two years experience as tlesigninf' 
engineer and contracting agent for the (Vdlette-ITerzog Mfg, ( Min- 
neapolis, Minn., and four years experience in teaching the subject at 
the University of Illinois. This hook repre.sents the C( iiir.se given by the 
author in elementary stresses and in the design of metal .sinicl tires, pre - 
liminary to a course in bridge design. While written primarily f<'r tfie 
author’s students it is hoped that the book will lie of interest to otltens, 
especially to the younger engineers, 

Ar far as practicable credit has been given in tlm body nf the 
book for drawing.s and data. Tii addition the anllmr wi-ln--. l‘> 
ackno,wlcdge his indebtcdne.s.s to varioii.s sources for drawitip,- and 
information to which it has not Iieeii practicable to give pinper 
individual credit. He wi.shes to thank Messrs. W. Maleolin, 
L. G. Parker and R, IT. Gage, Tnstnielors in Civil I''.ngineeriiig in 
the University of TllinoLs, for a.ssislaiice in preparing tlie drawing.s, 
especially Mr. Malcolm who made a large part of the drawings. 

The author will consider it a favor to have crror.s hroitglu to his 
notice. 

Champaign, 111 ., M. S. K, 

August 17, 1903. 


PREFACE TO THE SECOND EDITION. 

In this enlarged edition more than 100 jiages of new material, in- 
cluding many cuts, have lieen adderl. The additions include a diseiii«i.i“ii 
of influence diagrams ; the calculation of .stresses in pins ; a eliapler 
on “Graphic Methods for Calculating the Deflection of lieams"; data 
on loads, foundations, and saw-tooth roofs; descriptions of various 
hviildings; and an appendix giving the analyses of 22 IVolilems in 
Graphic Statics. 

The author wishes to acknowledge the appreciation with whieli 
the first edition was received by engineers and instructors. 

Boulder, Colo., M. S. K. 

June I, 1906. 
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Steel Mill buildings 


Introduction. 

Steel mill buildings may be divided into three classes as follo’ws: 
(i) steel frame mill buildings; (2) steel mill buildings with masonry 
filled walls; and (3) mill buildings with masonry walls. 

I, Steel Frame Mill Buildings. — A steel frame mill building 
i.s made by covering a self-supporting steel frame with a light covering, 
lusually fireproof. The framework consists of transverse bents firmly 
braced by purlins, girts and diagonal braces. The usual methods of 
arranging the framework are as shown in Fig. i. 




(b) 



Fig. I, 


An intermediate transverse bent (c). Fig. i, consists of a steel 
roof truss with its ends supported on steel posts, and is made rigid by 
knee braces. The posts arc either supported on the foundations or are 
anchored by them. The end bents are made either by running the end 
posts up to the end rafters as in (a), or by means of an end trussed 
bent as in (b) Fig. I. The end trussed bent (b) is usually preferred 
where extensions are contemplated, although the end post bent (a) is 
equally satisfactory and is usually somewhat cheaper. 
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Introduction 


The building is firmly braced transversely by means of bracing in 
the planes of the upper and lower chords and in the end bents, and 
longitudinally by means of bracing in the sides and in the planes of the 
upper and lower chords. 

The roof covering is supported on steel purlins placed at right 
angles to the trusses and rafters. The side covering is fastened to 
horizontal girts which are fastened to the side and end posts. Where 
wannth is desired the roof and sides are lined. 

Steel frame mill buildings are usually covered with corrugated 
iron or steel fastened to sheathing or directly to the purlins and girts. 
Expanded metal and plaster, or wire netting and plaster has been used 
to a limited extent for covering the sides and for sheathing the roof, 
and will certainly be much used in the future where permanent struct- 
ures are required, in the latter case slate or tile roofing is commonly 
used. 

The buildings are lighted by means of windows in the side walls 
and the clerestory of the monitor ventilator shown in Fig. i, or by 
means of windows in the side walls and skylights in the roof. Ventila- 
tion is effected by means of the monitor ventilator sliown in Fig. i or 
by means of circular ventilators. Where glass is used in the clere- 
story of monitor ventilators the sash are made movable. The glass in 
the clerestory of monitor ventilators is often replaced by louvres which 
allow a free circulation of air and keep out the storm. In foundries and 
smelters the clerestory is often left entirely open or is slightly protected 
by simple swinging shutters. 

2. Steel Mill Buildings with Masonry Filled Walls. — In mill 
buildings of this type part of the bracing in the side walls is usually 
omitted and the space between the columns is filled with a light wall of 
brick, stone, concrete or hollow tile. The construction of the roof and 
other constructional details are essentially the same as for steel frame 
mill buildings. Buildings of this type are quite rigid and are usually 
somewhat cheaper than type (3). 
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3. Mill Buildings with Masonry Walls. liuiMiugs of this 
typo arc made liy siii)i)ortiiig tlu' nn>l' tni.sscs clircctly mi liriclc, siniu' 
or concrete walls. The conslnictiou of the roof is i-ssmili.illy llie .'>ai!ie 
as for types (i) ami (u), except tli;it the trusses are somewhat lighter 
on account of tlu; smaller wdnd slre.ssi's, 

'J'ho discussion of tlie simple steel frame mill building shown in 
Fig. I includes practically all the prol)leuis and details which are en- 
countered in the design of steel mill buildings of all types. 

The problems involved in the de.sign of mill buildings will be di- 
vided into I’art T, T/ia<ls ; I’arl II, istresses; I'arl 111, I tesign of .Mill 
Buildings; and Bart TV, Miscellaneous Slruelures. In general tlw 
discussion will relate to the de.sign of mill buildings but in a few eases, 
particidarly in stresses, quite a number of problems will be disen.ssed 
that are only indirectly related to the subject. 



PART 1. 


LOADS. 

The loads to be provided for in designing a mill building will de- 
pend to a large degree upon the use to which the finished structure is 
to be put. The loads may be classed under (i) dead loads; (2) snow 
loads; (3) wind loads; and (4) miscellaneous loads. Concentrated floor 
and roof loads, girder and jib crane, and miscellaneous loads should 
receive special attention, and proper provision should be made in each 
case. No general solution can be given for providing for miscellaneous 
loads, but each problem must be. worked out to suit local conditions. 


CHAPTER I. 

Dead Loads. 

Dead loads may be divided into (a) weight of structure ; (b) con- 
centrated loads. 

The weight of the structure may be divided into (i) the weight 
of the roof trusses ; (2) the weight of the roof covering; (3) the weight 
of the purlins and bracing; (4) the weight of the side and end walls. 
The first three items, together with the concentrated roof loads, consti- 
tute the dead loads used in designing the trusses. 

The weights of mill buildings vary so much that it is not possible 
to give anything more than approximate values for the different items 
which go to make up the dead load. The following data will, however, 
materially assist the designer in arriving at approximately the proper 
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dead load to assunie f(n' c.oni(>utiiiK sU'fs.ses, and (lie aii[iriiKiuiat(' ua-itflit 
of metal in ii.se as a basis for preliminary I'Sliiiiates. 

Weight of Roof Trusses.-- The weight. <if nniL' trusses varies 
with the span, the distance lulweeu trusses, the load carried nr capacity 
of the truss, and the pitch. 

The empirical formula 

1-5 W 

where 

fF™woighL of steel roof truss iti pounds; 

/’ capacity of truss in pounds per .square foot of horizout.al pro- 
jection of roof (,30 to Ko Ills.) ; 

./■ distance center to center of tru.sses in feet (S to .pi feetf ; 
/‘.—■span of truss in feet ; 

was deduced by the author from the computed and shipping uciKliis 
of mill building trusses. 'I'lu' trusses were rivi'ted I'inh tnisse*. with 
purlins jilaced at panel points, and were imide up of :nu’les witli eon 
necling plate.s ; minimum size of angles j" x ' 1". luiuiinum thieK' 
ne.ss of iilates j.-j". 

'Pile trusses wliose weights wen* used in deilneing this formnla h.id 
a iiiteh of '.j (fi" in rj"), but the formula gives ipiiie accurate results 
for trusses having a piteh of to '-.j. 'I'lie trusses were tlesigned 
for a tensile stre.ss of 15000 lbs, per siptare iiieh ;mtl ;i eompressive 

.stre.s.s of 55 •'aitiare meli, wliere / lengtit and r 

the radius of gyration of the menilier, Iioth in inelies. 

file weight of steel roof trns.ses for a eapaeily, /', of .|n lbs. p«-r 
scpiare foot for dilTereiif: siiaciiigs is given in log. j, 'I'lie weights of 
trusses for other eapaeities can lie obtained Ity mnlliiilving tlie labiil.n 
values by the rtitio of tin* capacities. 

Dividing (r) hy .1 I, we Iiave llte weight of roof trtiss, fl'^, pn 
square foot of horizontal projection of the roof 
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Dead Loads 


l' on walls will usually weigh somewhat less than the value given by 

I Formula ( i) . The computed weights of Fink roof trusses without ven- 

I tilators and with piudins spaced from 4 to 8 feet arc given in Table I. 

I These trusses were designed by two different bridge companies to 

; serve as standards and represent minimum weights. The trusses with a 

!| spacing of 14 feet were designed with minimum thickness of metal 

i and minimum size of angles 2" x i^" x 3-16". In the remainder 
of the trusses the minimum thickness of plates was ]/.\" and minimum 
i| size of angles 2" x 2" x The trusses are all too light to give good 

[l service although their use in temporary structures may sometimes be 

I allowable. 

I Weight of Purlins, Girts, Bracing, and Columns, — Steel 

H purlins will weigh from i to 4 pounds per square font of area covered, 

;; depending upon the spacing and the capacity of the trusses and the 

■ snow load. If possible the actual weight of the purlins should be cal- 

5 ciliated. Girts and window framing will weigh from h:> 3 pound.? 

[, per square foot of net surface. Bracing is quite a variable quantity. 

J Thc bracing in the planes of the upper and lower chords will vary from 
Yi to 1 pound per square foot of area. The side and end bracing, cave 
struts and columns will weigh about the same per square foot of sur- 
face as the trusses. 

Weight of Covering, — The weight of corrugated iron or steel 
covering varies from to 3 pounds per square foot of area. 

, Weight oe eeat and corrugated steed sheets with 2jS/^ inch 

CORRUGATIONS. 


Gaqe No. 


Welqht 

per 5 q 

lyare ( 100 sq-fT-) 





Black 

Galvanized 



16 

.0625 

250 

266 

275 

29/ 

18 

■0500 

200 

216 

220 

236 

20 

■0375 

/50 

/66 

165 

/82 

ZZ 

■0313 

/25 

/4f 

158 

754 

24 

■0250 

/OO 

//6 

/// 

127 

26 

■0/38 

75 

9/ 

84 

99 

28 

■0/56 

65 

79 

69 

66 
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Ii' o.slinialiuK Hk' wa'i^'lit of nirnif'aU'tl slwl allow about 25 per cent 
for laiiK where two eornif^aliotis side lap and b inclies end lap are re- 
([iiired, and ahoiil: 15 per rent for lai)s where one corruR-ation side lap 
and .|, inehes end laj) are reipiire.l. \his, 20 and 22 corrugated steel 
are connnonly used nii the roof and Nhis. 22 and 24 on the sides. 

of Roof ( 'nv-vn'ti.;;.-- 'I'lie approximate weight per square 
foot of various roof e<iverings is given in the following table: 


t'orrngated iron, witlioiil sheathing i to 3 

I'ell ;md aspli.alt, wilhont sheathing 2 

I'Vlt and gravel, without slu-atliing 8 to 10 

Slate, 3"ifi" to bi", witlioiii slu-athing 7 to 9 

'I'iii, without slieathiiig i to 


Skylighi glass, 3 Ui" to ineluding frames 4 to 10 

White pine slietilliiiig i" Ihiek 3 

Yellow pine sheathing l" lliiek 4 


'i'iles, (lat 15 to 20 

'I'iles, corrugated 8 to 10 

'I'iles, oil eoitei'ete slabs 30 to 35 

Plastered ceiling lo 


lbs. 

({ 

i( 

ft 

tf 


I'or additional data on weiglil of roof covering.s, sec Chapter XIX. 
'J'hc actual weight of riMif coverings .shonhl he calculated if po.ssiblc. 

Weight of the Structure.- M'lie weight of the roof can now be 
fc.und. 'I'lic weight of the steel in the shies and ends is approximately 
the. same per .sciuare fiKil as the steel work in tlie roof. 

A very close approximation to llie weight of the steel in the en- 
tire struelurc wh<-iv no slu-alhiiig is ti.sed aiul the .same weight of cor- 
rugated iron is used on shies as on roof, may be found as follow.s: 
'I'ake the sum of the horizontal projection of the roof and the net sur- 
face of the sides and ends, after sultlracling one-half of the area of the 
windows, wooden doors tnul clear oiienhigs; multiply the suni of these 
areas hy the weight per square foot of the horiz.nnttd projection of the 
roof, and the product will he the approximate weight of the steel in 
the .struelurc. 


CHAPTER II. 


Snow Loads. 

The annual snowfall in different localities is a function of the 
liumidit}' and the latitude and is quite a variable quantitj'’. The amount 
of snow on the ground at one time is still more variable. In the Lake 
Superior region very little of the snow melts as it falls, and almost the 
entire annual snowfall is frequently on the ground at one time ; while 
on the other hand in the same latitude in the Rocky Mountain.s the dry 
vincls evaporate the snow in even the coldest weather and a less pro- 
portion accumulates. In latitudes of 35 to 45 degrees the heavy snow- 
falls are often followed by a sleeting rain, and the snow and ice load 
on roofs sometimes nearly equals the weight of the annual snowfall. 

From the records of the snowfall for the past ten years as given 
in the reports of the U. S. Weather Bureau and data obtained by 
personal experience, in British Columbia, Montana, the Lake Superior 
region and central Illinois the author presents the values given in Fig. 
4 for snow loads for roofs of different inclinations in different latitudes. 
For the Pacific coast and localities with low humidity, take one-half 
of the values given. The weight of newly fallen snow was taken at 5 
lbs. and packed snow at 12 lbs. per cubic foot. 

A high wind may follow a heavy sleet and in designing the trusses 
the author would recommend the use of a minimum snow and ice load 
as given in Fig. 4 for all slopes of roofs. The maximum stresses due 
to the sum of this snow load, the dead and wind loads ; the dead and 
the wind loads ; or of the maximum snow load and the dead load lic- 
ing used in designing the members. 
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CHAPTER HI. 


Wind Loads. 

Wind Pressure. — The wind pressure (P) in pounds per square 
foot on a flat surface normal to the direction of the wind for any given 
velocity (V) in miles per hour is given quite accurately by the formula 

P = 0.004 V- (3) 

The following table gives the pressure per square foot on a flat 
surface normal to the direction of the wind for different velocities as 
calculated by formula (3). 

Vel. in miles Pressure, lbs.- per 
per hour. square foot. 


10 

0.4 


20 

1.6 


30 

3-6 


40 

6-4 


50 

10. 0 


60 

14-4 

Violent storm. 

80 

25.6 


100 

40.0 

Violent hurricane. 


The pressure on other than flat surfaces may be taken in per cents 
of that given by formula (3) as follows: 80 per cent on a rectangular 
building; 60 per cent on the convex side of cylinders; 115 to 130 per 
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cc'iiL on (ho oom-avo sido of cyliiidors, channels and flat cups; and 130 
In 170 [HT coni on tlio concave sides of spheres and deep cups. 

'1 ho pressure on Ine vertical si<los of ljuilding's is usually taken at 
30 pounds per stjuaro fool, ocinivalont to P equals 37>4 pounds in 
formula (31. 'I’his would gdvo a velocity of 96 miles per hour, which 
would seem to ho suilicionl for all except the most exposed positions 
The velocity of (ho wind in the. St. I,onis tornado was about 120 miles 
p<‘r hour. 'I'he records of the 11. S. Weather Bureau for the last ten 
years show only one inslanco whore, the velocity of the wind as recorded 
hy dll' aiuMuoniotor was more than 90 miles ])er hour. The actual pres- 
sure of winil gusts lias heou found to he about Co per cent and the 
actual .steady wind pressure only aliout 36 per cent of that registered by 
ordinary sm.all aiii'inomelers. which further reduces the intensity of the 
oliserved pressures. 'I'he wiiul iire.ssure has been found to increase 
as the distance tdiove the ground increases. 

Keceul ('.eriuaii sped neat ion.s for design of tall chimneys specify 
witid loads per .square foot as follows; 26 pounds on rectangular 
chimneys; C7 per cetit of aC pounds on circular chimneys; and 71 per 
eeiil of .!ti iiounds on ootagoiud chiiniicy.s. 

'I'he liuilcling laws of New York, Boston and Chicago i-equire that 
stec'l htiildhigs lie designed for a horizontal wind in-cssiirc of 30 pounds 
[ler square fool. 'I'he Ualliniore and Ohio Railroad specifies a horizon- 
tal wind pressure of 30 jinuiuls per .square foot. 

From the above disemssion it would seem that 30 pounds per square 
foot on llie sides ami llie normal component of a horizontal pressure of 
30 poumls oil tile roof wtiuld he. sufficient for all except exposed loca- 
lion.s. If tile huildiiig i.s .soinewlmt protected a horizontal pressure of 
■JO pounds per .s(|u:ire foot on the sides is certainly ample for heights 
less than, say, 30 feet. 

Wind Pressure on Inclined Surfaces. — The wind i,s usually 
t.'.ken as acting horizontally and the normal component on inclined sur- 
faces is calculated. 
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Wind Loads 


The normal component of the wind pressure on inclined surfaces 
has usually been computed by Hutton’s empirical formula 

1.842 cos ^-1 (4) 

v/here equals the normal component of the wind pressure, P equals 
the pressure per square foot on a vertical surface, and A equals the 
angle of inclination of the surface with the horizontal, Fig. ( 5 ). 

The formula due to Ducheinin ■ 

P _ 

“ 1 + siiP A 

where P and A are the same as in ( 4 ), gives results considerably 
larger for ordinary roofs than Hutton’s formula, and is coming into 
quite general use. 

The formula 



where P^^ and P are the same as in ( 4 ) and ( 5 ), and A is the angle 
of inclination of the surface in degrees (A being equal to or less than 
45°) > gives results which agree very closely with Hutton’s formula, 
and is much more simple. 


Ph 



Hutton’s formula ( 4 ) is based on experiments which were very 
crude and probably erroneous. Duchemin’s formula ( 5 ) is based on 
very careful experiments and is now considered the inost reliable form- 
ula in use. The Straight Line formula ( 6 ) agrees with experiments 
quite closely and is preferred by many engineers on account of its 
simplicity. 

The values of P^^ as determined by Hutton’s, Duchemin’s and the 


Normai, Wind Pressure 
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Straight L,ine formulas are given in Fig. 6, for P equals 20, 30 and 
40 pounds. 

It is interesting to note that Duchemin’s formula with P equals 30 
pounds gives practically the same values for roofs of ordinary inclina- 
tion as is given by Hutton’s and the Straight Line formulas with P 
equals 40 pounds. 



Pig. 6. Normae wind eoad on roof according to diei?erent 

FORMULAS. 


Duchemin has also deduced the formula 

P.-F 

1 -h sin^ A 

where P^^ in (7) equals the pressure parallel to the direction of the 
wind, Fig. 5 ; and 

_ 2 sin ^ cos A 

‘ -TdPihTTJ- 


|: 


i 


( 8 ) 
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wliurt' l\ in (iS) oiiuals tlu' invssun.' at rij’hl aiif^U-s U' Llif iliri'i-linn (i[ 
the wind, 5. may be an uplifliiij;-. a de[)ivssinp- nr a side pres- 
sure. With an (ipen shed in I'xpnsed posiliniis the uplifting' elleet nf 
the wind oflen retiuires attenlinn. In tlial ease tlie wiml sbimld be 
taken nunnal to the inner snrfaee uf the Iniildinj;' un the leeward side, 
and llie ipilirtin^' force delerinineil liy usinp; fnrmnla (S). If tlie pables 
are cUised a deep cup is tanned, and the nnrmal pressure slninhl be 
increa.sed to 71) per cent. 

'I'lnit the uplifting' force of the wind is often considerable in exposeil 
localities is made evident b)' the fact that highway briilj^es are oee.asion- 
tdly wrecked hy the wind. 'I'he most inlerestinj^ e.xample known to the 
author is that t)f a loo-foot span combination bi'idpe in iVortluvi'stern 
Montana which was picked up bodily by the wind, turiu'd abont yn 
de}.;rees in azimuth and dropped into llte midille of the river. '1 be end 
bolsters were torn loose although ilrift-bolti'd to the ;dmlinenls.'^ 

'File wind pressure is not a steady pressure, hut vtiries in intimsily, 
thus prodtieing exce.ssive vibrations which cause the structure to rock 
if the bracinj; is not rij^iil. The bracing in mill btiildiiigs slnndd be 
designed for initial tension, .so that the building will be rigiil. Rigidity 
is of more importance than strength in mill Intildings. 

h’or further information on this subject .see a very elaborate ami 
v.'dnable numogrtiph on “Wind I’ressnres in I'.ngineering t'oimlnic’ 
tioii," by t.'apt. W. ,IL llixby, M. Am. .Soc. f, 1 ',., [lublisbed in b'.ngi- 
neering News, Vul. XXXllL, pi>. 175 -184, March, 1895. 

Wind Pressure on Office Buildings, — 'I'lie following speeifica- 
tion for wind pressure on oflicc buildings has been pro[it)setl by Mr. 
ti. Schneider.f 

Wind I’rcsxiirc. — 'I’lic wind pressure .shall be assumed at 30 lb. 
[)er sep ft. acting in either direction horizontally: 

I. ( )n the sides and ends of buildings anil on the actu.ally I'.xposed 
surface, or the vertical projection of rcxifs; 

'A. On the total expo.sed surf.aces of all jiarts composing the niel.al 
framework. 'The framework shall be considered an inde- 
pendent structure, without walls, partitions or lloors. 

* l•’oI■ a (l(‘seri|)ti(iM of the wreck by the winil of the HiRh llridRe over 
the Misnissippi River iil St. find, Minn., see article hy C. A. f. Turner in 
'I'nnis, Am. Soe, C. I',., Vol. s.|, i). 41. 


CHAPl'ER IV. 


Misci'Xi.ankous Loads. 

LIVE LOADS ON FLOORS,— Live load."; on fionns for mill 
buildings arc very hard to classify and should he calculated for each 
case. 

Floor loads a."; siJccificd in the building laws of various cities are 
given in Table 11, and the engineer should govern himself accordingly. 

TABLE 11 . 

Fl.OOU I.OADS IN I’OUNDH I'lvR SQUAUli IfOOT AS SVKCIinitl) IN VARIOUS 


CtTIKS. 



Now Ydi'lc 

CliloilKo 

I’liiliwioiriiiii 

BiinUiii 

Dwellings 

(Upper doors 75 
1 lat door ^50 

100 

100 

100 

Pttblic Buildings, . 

00 

100 

120 

150 

Light Mainifac- 





tiirin^r 

120 

100 

100 


Warehouses and 



Factories 

150 and up 


150 and iqi 

250 and up 

ftulewnllfH 

300 



1 





Without reference to building laws the live loads per s(iuare foot, 
exclusive of weight of Iloor material.s, given below arc about standard 
practice. 

Dwellings 70 lbs. per sq. ft. 

Offices 70 to 100 lbs, per sq. ft. 

Assembly halls 120 to 150 lbs. per sq. ft, 

Warehouses 250 and iqi, lbs. per sq. ft. 

Factories 200 to 450 lbs. per sq. ft. 
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Miscur^LANEous Loads 


The weight of floors above ground in mill buildings varies so 
much that it is useless to give weights. Lor a few data on weights 
of floors see Chapter on Floors. 

WEIGHT OF HAND CRANES.— The approximate weight of 
a few of the common sizes of haiul cranes made by Pawling and liar- 

TABLE III. 

Weigh'!' oi? travicuno iiANn cranics. 


Ciipaolty of 
CriHio In 
Tons 

Dlntanoo 

0 to 0 of 
ond wboola 

1 ZO-l’OOT SPAN 

IlD POO'l' Hl’AN 

WeiBht of 
Ci'iino 

Iba. 



Miijcimumr.tmd 
on c.iu'h Wliuol 
Him. 

3 

3' — 0" 

4500 


5000 

5000 

5 

3' — 0" 

5500 


6000 

7.500 


3' ~ 8" 

8000 


9000 

1 1500 

10 

8' — 0" 

15000 


17000 

20000 

15 

' 8' — 0" 

16000 

20000 

18000 

21000 

20 

8' — G" 

20000 

2()0()0 

22000 

27000 


nischfeger, Milwaukee, Wis., and the maximum load on each wheel 
when the loaded trolley is at one end is given in Table III. 



WEIGHT OF ELECTRIC CRANES. — The maximum load on 
each of the end wheels for common sizes of electric cranes made by 














WJiiaii'j.' OF Ivi^FcxFic Ckanjcs 


ly 

Pawling and liarnisclvfcgcr is given in Fig. 7. Cranes made by different 
manufacturers differ considerably in weight. 

The weights and dimensions of typical traveling cranes as given 
in Table Ilia have Ijccn proposed for adoption a.s a .standard. 


TABLE Ilia. 

Tvi'ICAn KLHCTIOC TKAVnr.INO OKANFS.* 


Capacity In 
Tous. 

8pivn. 

Wheel linso. 

Ifaxlmnm 
Wlu'ui Loiul, 
In CdumlB. 


V. 

WclRht of Uftll fni- ; 
I’liitu (llnlern. | Ueanm, 

s 

40 

8 fl. 6 in. 

12,000 

10 in. 

7 fl. 

4011). iievyd. 

40 


60 

9 <c 0 « 

13,000 

(( 


40 “ 

40 

10 

40 

9 ■' 0 “ 

19,000 

ft 

<( 

4S " 

40 


60 

9 “ 6 “ 

21,000 

ff 

(( 

4S “ 

40 

IS 

40 

9 ■■ 6 “ 

26,000 

ft 

tf 

SO ■■ 

so 


60 

10 “ 0 " 

29,000 

1 ( 

ff 

SO 

so 

20 

40 

10 " 0 

33,000 

12 in. 

8 ft. 

55 “ 

so 


60 

10 " 6 “ 

36,000 

(( 

(4 

SS “ 

SO 

2S 

40 

10 ■' 0 ■■ 

40,000 

<1 

44 

60 

SO 


60 

10 “ 6 “ 

44,000 

(( 

44 

60 

so 

30 

40 

10 6 “ 

48,000 

(( 

44 

70 

60 


60 

11 “ 0 “ 

52,000 

(C 

44 

70 ■■ 

60 

<(0 

40 

11 '< 0 " 

64,000 

14 in. 

9 ft. 

80 •' 

60 


60 

12 “ 0 “ 

70,000 

(( 

44 

80 " 

60 

SO 

40 

11 '< 0 “ 

72,000 

tf 

44 

100 

60 


60 

12 “ 0 '< 

80,000 

ft 

44 

100 

60 


1. Wheel-load can l)c assumed as distributed in top (hinge, over a 
distance equal to deiith of girder, with a maxiimim limit of 30 in. 

2. In addition to the vertical load, the toj) llanges of the girder 
.shall withstand a lateral loading of two-tenths of the lifting capacity 
of the crane, ecpudly divided between the four wheels of the crane. 

J=- -Side clearance from center of rail, 
yc - 31 Vertical clearance from top of rail. 

3. The top (lange.s of the crane girders .shall not be of .smaller 
width than onc-twentieth of tlieir unsujiported length. 

WEIGHTS OF MISCELLANEOUS MATERIAL.—The 

weights of various kinds of merchandise are given in Table IV. I'or 
weights of other materials consult steel makers hand books. 


*Mr. C. C. Schneider in Trans. Am. Soc. C. F,., Vol. 5.), 1905. 
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Miscellaneous Loads 


TABLE IV. 

Weights of merchandise.* 


CommocHty 

Weight lulbs- 
per cubic foot 

Wool in Bales 

5 to 28 

Woolen Goods 

13 to 22 

Baled Cotton 

12 to 43 

Cotton Goods 

11 to 37 

Rags iu Bales 

7 to 36 

Paper 

10 to 69 

Wheat 

39 to 44 

Corn. 

31 

Oats 

27 

Baled Hay and Straw. 

14 to 19 

Bleaching Powder 

31 

Soda Ash 

62 

Box Indigo 

43 

1 


Commodity 

Wolght iu 11; 
per cubic fo{ 

1 

Caustic Soda 

88 

Barrel Starch 

23 

Barrel Lime 

50 

“ Cement 

73 

“ Plaster 

53 

“ Lard Oil .... 

34 

Rope 

42 

Box Tin 

278 

Box Glass 

60 

iCrate Crockery 

40 

Bale Leather 

16 to 23 

Sugar 

45 

Cheese 

30 


The weights of miscellaneous building materials are given in 
Table IVa. 


TABLE IVa. 


Weights of building materials. 


Material* 

Weight lbs. per 
cu, ft. 

Material. 

Weight lb>. per 
oil. ft. 


150 


160 

Common building brick 

120 

Snow, fvcsbly fallen 

10 


100 


SO 


170 


25 


170 


25 


160 


25 


14S 


30 

Slag 

40 


40 


120 


SO 


175 


100-120 

Sand, clay and earth (dry).. 

100 

Rubble masonry 

130-150 

Sand, clay and earth (wet). 

120 

Ashlar raasomy 

140-160 


100 


450 


130-150 


480 


70 


490 


100 


10 to 15 lb. 

Plaster of parts 

140 


per sq. ft. 


*From Report V. Insurance Engineering Experiment Station. Edward 
Atkinson, Director, Boston, Mass. 








'LivH IyOAds 


31 


CONCENTRATED LIVE LOADS.— The loads given in Tal)le 
Ila have been proposed for dillcrent classes of buildings. These 
loads consist of : 

(a) A uniform load per S(]nare foot of lloor area; 

(b) A concentrated load which .shall be ap()lied to all points 

of the llnor; 

(c) A uniform load per linear foot for girders. 

Tbe maximum result is to be used in calculation.s. 

The spocifiod concentrated loads shall ahso api)ly to the door con- 
struction between the beams for a length of five feet. 


TAllLE Ila. 

Live eoads eok Er.ooR.s. 


Clamoa of liuUdliigB, 


I hvellinpi.'i, liotnls, npnrtinciU-houscs, clormi- 

torica, lio.spUnls 

Office lnilUlin(>a, upper stories 

School room.s, tluiiUcr (rullorics, cliurchc.s 

(iroiuid doors of office litiildintrs, corri(lor.s ami 

stair.s in pulilic Imildinga 

Asseinlily roiinis, mniii doors of thonlcr.s, Imll- 
rooin.s, (fymimsin, or any room likely to Im 

used for drilling or dancing 

( Irdiimry store.s and liglit mantifncturing, staiilea 

and cnrringc-lKuisca 

Sidewalks in front of linildings 

Warehouses and factories 

Clinrging floors for foundries 

I'owcr-houses, for uncovered floors 


Hvo Loads, In I’onnda. 

nistrUmtcrt |('onc(-nlviUud| Load pert, Incur 
Load. I Load. | Idiot ol Ulrder. 


40 

50 

60 

80 

) floor 100 
j columns SO 

80 

300 

from 120 up 

■' 300 “ 

‘ 200 ' 


2,000 

5,000 

5,000 

5,000 

5,000 


8,000 

10,000 

Special. 


500 

1,000 

1,000 

1,000 

1,000 


1,000 

1,000 

Special. 


Tim actual wciglils nf en- 
gines, Imilcrs, stacks, clc., 
.shall lie uscil, hut in nii case 
less limn 200 lli. per sp. ft... 


If heavy concentration .s, like .safes, armatures, or special machinery, 
are likely to occur on doors, provision should be made for them, 

* Mr. C. C. Schneider in Trans. Ant. Soc. C. F.., Vol. 5.1, 1005. 
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STRESSES. 


CHAPTER V. 

Graphic Statics. 

Equilibrium. — Statics considers forces as at rest and therefore in 
equilibrium. To have static equilibrium in any system of forces there 
must be neither translation nor rotation and the following conditions 
must be fulfilled for coplanar forces (forces in one plane). 

2 horizontal components of forces = o (a) 

S vertical components of forces =0 (b) 

2 moments of forces about any point = o (c) 

Representation of Forces. — A force is determined when its 
magnitude, line of action, and direction are known, and it may be rep- 
resented graphically in magnitude by the length of a line, in line of 
action by the position of the line, and in direction by an arrow placed 
on the line, pointing in the direction in which the force acts. A force 
may be considered as applied at any point in its line of action. 

Force Triangle. — The resultant, R, of the two forces and Pj 
meeting at the point a in Fig. 8 is represented in magnitude and direc- 
tion by the diagonal, R, of the parallelogram abed. The combining 
of the two forces and Po into the force R is termed composition of 
forces. The reverse process is called resolution of forces. 


Foucii TiuangIvE; 
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(a) (b) (C) 

Fig. 8. 


The value of R may afso he found from the equation 
-I- -f- 2 Fj P, cos 0 

It is not necessary to construct the entire force parallelogram as 
in (a) Fig. 8, the force triangle (b) below or (c) above the resultant R 
being sufficient. 

If only one force together with the line of action of the two others 
be given in a system containing three forces in equilibrium, the magni- 
tude and direction of the two forces may be found by means of the 
force triangle. 

If the resultant R in Fig. 8 is replaced by a force B equal in 
amount but o()i)osite in direction, the system of forces will be in equi- 
librium, (a) or (b) Fig. 9, The force F is the cquilibrant of the .system 
of forces and P^. 



(a) (b) 

Fig. 9. 


It is immaterial in what order the foz'ccs are talcen in constructing 
the force triangle, as in Fig. 9, as long as the forces all act in the same 
direction around the triangle. The force triangle is the foundation 
of the science of graphic statics. 
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Force Polygon. — If mo: 
which meet in a point) are in 
will be the resultant of Px and 



and will also be the equilibrani 
is therefore only a combinatic 


F,QUU,n!UIUM ( 


the force polygon. The resultant o 
is always a single force acting throuf; 

Equilibrium of Non-concurren 
non-concurrent (<lo not all meet in a c 
the force {xilygon close is a necessary, 
e([nilil)rinni. For example, take the 1 
making an angle of i_>o‘’ with each ot 


A 

I 


P rh-> 




R 


Resultant M 
= -Rh 


< 
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graphically by twice the area ( 
as a base and the arm of the c 
force about any point may b 
area of a triangle as shown in 
It will be seen from the j 
system of non-concurrent force 
resultant of all the forces save 
opposite in direction. Three n 
librium unless they are parall 
concurrent forces may be a sin 
Equilibrium Polygon . — 1 
a, of Pj and P, acts through tl 
to a in the force polygon (a) ; 




Equiubuiuj 

a force poly^-on and (h) is called a i 
It will he seen that the magnitude 
system of forces is given by the clc 
the line of action is given hy the ei 
The force polygon in (a) Fig. 
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Grj! 

rays in the force polygon (a' 
forces which they replace or 
In the force polygon (a), 
represented by the rays o a a: 
within the triangle; is eqi 



Reactions 


The imaginary forces represer 
gon may be considered as compon 
made on that assumption with equal 
It is immaterial in what orde 
the force polygon, as long as the : 
around the force polygon, and the 
forces in the equilibrium polygon a: 
ends of the same forces in the force 
The imaginary forces a o,b o, t 
nitude and in direction by the ray: 
scale as the forces P^, P^, P^- ' 
gon represent the imaginary forces 
not in magnitude. 


3 ° 


Grj 


The imaginary force a o ac1 
is an equilibrant of i?i, and tl 
direction is an equilibrant of j 
of i ?2 must coincide and be & 
The string b o is the remaii 
called the closing line of the 
parallel to the string b o divic 
reactions and (for rea 
VIII). 

Reactions of a Cantilev 
in Fig. l6, the direction and 



Equilibrium Polygon as 

only known point on the reaction R„ 
iously described. A line drawn thro 
parallel to the closing line of the ec 
drawn parallel to reaction R^, in the p( 
The reactions and R.^ are therefor 
tion and amount. 

The method just given is the one 
actions in a truss with one end on n 
Equilibrium Polygon as a Fr 
17, the rigid triangle supports the lo; 

F? 
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Grai’I 


Graphic Moments. — In l''if 
is an equilibrium polygon for the 



ftiA lirtA Kf — V fA fVi#' 


binding Home 

Bending Moments in a Bea 
ment at the point M in the simple t 

a 



d 


(O) 

Fig 





Mohr's Method i^or Momicn’i 
M 



tem of forces equal to the area of the e«iuil 


Moment of Inertia of A 

area about an axis in the sam 
products of the differential ; 
squares of the distances of th 
The moment of inertia ' 
through center of gravity of th 
axis, and is the moment of im 
flexure in beams 

where 

M — bending moment at 
5“ = extreme fibre stress 
I = moment of inertia o 


cnAPTi<:R vr. 

STRHSSIvS in Kk AMICI) Hti 

Methods of Calculation. — Tlie tlctcrn 
simple framed .structures usually reiiuires 1 
mental equations of equilihriuni 

S horizontal comjKmentH of 
S vertical components of for 

"S? nf Ilhcuit Jill 
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Stresses in 


Algebraic Resolution. — I 
algebraic resolution, the fund 
translation 

S horizontal co 
5 vertical comj 
are applied (a) to each joint, o 
side of a section cut through 
(a) Forces at a Joint.— 
stresses in the members of the 



Ar.c.F.nRAic Rfsofutk 


It will be seen from the foregoin}^ that 
resolution consists in applyinj^ the principle <i 
external forces and internal stressi-s at i*ach j 
Since we have only two I'mulamcntal 
(resolution) vve can not solve a joint if there 
or stresses xuiknown. 

Where the lower chord of the truss is In 



Ri 


Y 
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Stressi 


Applying equations ( 

3-2/ +2-3 
2-3 sin a 

Now, if all but two 
Icnowns may be found by 
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Stresses in F 


toward the ends of the stress lim 
and tension is indicated by arroi 
stress lines and away from the 
stress is used a single arrow, an( 
double arrow is used to indicate 
Fig. 27 is called a Maxwell diag 
The notation used is known as Be 
resolution is the method most con 
roof trusses and simple framed si 
Algebraic Moments. — ^The 
the fundamental equations of eqi 
In the truss in (a) Fig. 28 by tal 
we have 


Algebraic ; 


To find the stresses in the men 

proceed as follows : Cut the truss by i 

replace the stresses in the member 

These forces are equal to the stressi 

opposite in direction, and produce ei 

To obtain stress 4-x take cen 

moments of external forces 

4-x X a + Pi X d ■ 

, M,'X.2d — 

4-x — — 

a 

To obtain stress in 4-5 take ce 
moments of external forces 


4-5 X <5 — 2 P 
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Stresses in 


taking moments about joint 1 
y-i are found by taking mom( 
and the stresses in x-'Z. and ; 
joint hx- 

The method of algebraic 
used for calculating the stress 
and similar frameworks whid 

Graphic Moments. — ^Th 
truss may be found by mean 



CHAPl 


Stresses in sim 

Loads. — The stresses in roof 
(2) the snow load, (3) the wind lo 
loads. The stresses due to dead, 
will be discussed in this chapter ii 
Dead Load Stresses. — The 
of the truss and roof covering an 
the panel points of the upper c 

T*P fTi/a i-viirlinc Ar\ riAf mm 
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Stressi 


The loads are laid o&, tl 
lated beginning at joint Lq, as 
for the right half of the trus 
loads are symmetrical as in 
accuracy of the work , and is 
loads Pi on the abutments h 
and may be omitted in this s 
In calculating the stress( 
3-4, 4-5 and 4r-5 are unknc 
determinate. The solution is 
and 5-6, and replacing ther 
stresses in the members in t’ 
and including stresses 6 -x 
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Stresses 


and to the resultant of the ex 
truss are equally free to move 
reactions are equal; and where 
on frictionless rollers (3) the 
be vertical. Either case (i) or 
culating wind load stresses in t 
portal or framed bent. The vi 
independent of the condition of 
Wind Load Stresses; No 
mal wind load, in a Eink truss 
calculated by graphic resolution 


Wind Loai 


The stress diagram is constnictcil ii 
loads. Heavy lines in tni.ss and .st 
and light lines indicate tension. 

The ambiguity at joint is rcii 
her as in the case of the dead load s 
there are no stresses in the dotted ’ 
of the truss. It is necessary to can 
truss, beginning at the left reactioi 
action. It will be seen that the load P 
truss in this case. ) ‘ 

Wind Load Stresses; Rollei 
are usually fixed at one end, and ai 
end. The reaction at the roller end i 





! 
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i 
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31. The moving crane t 
it is at the center of the 
solving the problem. 


li 

li 


li 


II; 


> 



CRANE U 


CHA] 


SiMt 

Reactions. — The reactions 
of the force and equilibrium polv 
ond example let it be required t( 
beam vShown in Fig. 3C. 






Momhnt and Sni 


R^; between the loads l\ and /h the 
the loads r. .'uul the shear eiiuals h 
P., and J\ the shear etinals l\\ — ■ /’, - 
and the rij^ht reaction the shear e(iuah 
R.,. At load /’, the shear ehaiif'es fro 
(c) is called a shear diagram. It 
onlinate in the moment diagram co' 
The bending moment at any p< 
algebraic stun of the shettr areas on ei 
From this we see that the .shear :ire:is 
This property i>f the shear ilitigram dt 
bending moment at any point in :i sini] 
the slie.ar between either point of su 
Tliii; will b(* tahett no amdn in the disc 
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Shear 


CHAP'] 

Moving Loa: 

Uniform Moving Loads. — ^Le 
a uniform load of p lbs. per lineal 



the beam. 


Movino I,oai)s on Brams 


Differentiating (l(3) and placing derivative of !\I with respect to ,r 
equal to zeroj we have after solving , 

-v = 0 ( 17 ) 

T'licrefore the niaxiimim nionicnt at any point in a beam will occur 
when the beam is fully loaded. 

The bending moment diagram for a beam loaded with a uniform 
moving load is constructed as in I'ig. 38. 

To find the position of the moving load for maximum shear at any 
point in a beam loaded with a moving niiitorm load, proceed as fol- 
lows; The left reaction when, the end of the moving load is at a dis- 
tance .T from the left reaor^, wilf be 


p (15) 

and the shear at a point at a distance a from the left reaction will he 
,5=^, — (18) 

wiiicli is the equation of a parabola. 

By inspection it can be seen that S will he a maximum when 
a = X, The maximum shear at any point in a beam will therefore 
occur at the end of the uniform moving load, the beam being fully 
loaded to tlic right of the point as in (a) Tig. 39 for maximum positive 
siiear, and fully loaded to the left of the point as in (b) Tig. 39 for 
maximum negative shear. 

If the beam is assumed to be a cantilever beam fixed at /I, and 
loaded with a stationary unifonn load equal to p lbs. per lineal foot, and 
an equilibrium polygon be drawn with a force ixjlygon having a pole 
distance equal to length of span, L, the parabola drawn through the 
points in the equilibrium polygon will be the maxiniiun positive sliear 
diagram, (a) Tig. 39. Tlie ordinate at any point to this shear diagram 
will represent the maximum positive shear at tlic point to the same 
scale as tlie loads (for the application of this principal to bridge trusses 
see Tig. 50, Chapter X). 


ConcrntraT[-;d Moving Loaps 
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Concentrated Moving Loads. — Let a beam be loaded with con- 
centrated moving loads at fixeti distances apart as shown in Fig. 40. 



Fig. 40. 


To find the position of the loads for maximum hioment and the 
amount of the maxiimiin moment, pi'occcd as follows: Tlie load P, 
will be considered first. Let .r he the distance of the load 
from the left support when the loads produce a maximimi moment un- 
tkr load Pg. 

Taking inomcnts alxnit Pj we have 

Pi = Z " ’ 

{L — x) CP,-l-P,-|-P 3 -t-P)+P. + fJ 9 ) 

“ ^ 

and the bending moment under load P3 will be 
jW= Pi .r — Pi n 

.r) { Py-\-P^-\-PA ^l \Vhx(P,a-P^6-P,{f>^c)) _ ^ ^20) 

nilTcrcntiatiiig (20) we have 

d M (L —2 ar) (Pi -h Pa -h P3 + P 4 ) + Pi P3 i ^ 0 (21) 

d X ^ 

and solving (21) (or .v we have 

L , P.n-P^b-P.ib^c) (22) 

2 (P 4 -A+P 5 + P*) 

Kow Pi rt — Ps t — P4 + c), is the static moment of the loads 
about Pj, and 


Moving Loads on Bijams 
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P^a — P^b — P, {bArc) 
■ PxA-P^^Pz^i\ 


distance from P^ to 


center of the gravity of all the loads. 

Therefore, for a inaxiinum moment under load Pj, it must be as 
far from one end as the center of gravitj' of all the loads is from the 
other end of the beam, Thg. 40. 

The above criterion holds for all the loads on the beam. The only 
Wiiy to find which load produces the greatest maximum is to try each 
one, however, it is usually possible to determine by inspection which 
load will produce a maximum bending moment. For example the 
maximum moment in tlie beam in Fig. 40 will certainly come under 
the heavy load P2. The above proof may he generalized without diffi- 
culty' and the criterion above shown to be of general application. 

For two equal loads P P at a fixed distance, a, apart as in the 
case of a traveling crane. Fig. 41, the inaxiimini moment will occur 
under one of the loads when 

L a 
2 4 



K- a w 



Fig. 41. 


Taking moments about the right reaction we have 

t) 

and the maxinnim bending moment is 



(23) 


( 24 ) 
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There will be a niaxinuim moinetit when either of the loads satis- 
fies the al)ove criterion, the bending moments being equal. 

Jly equating tijc niaxininm moment uliove to tlic nioincnt due to 
a single loaci at the center of the beam, it will be found that the above 
criterion holds only when 

a < 0.586 L, ^ 

Where two unequal moving loads are at a fixed distance apart the 
greater inaxinuim bending moment will always come under the heavier 
ta<l. 

I'lic maximum end shear at the left support for a system of con- 
centrated loads on a simple beam, as in Fig, 40, will occur when the 
left reaction, is a maximum. This will occur wlicri one of the wheels 
is infmilely near the left alnitincnt (usually said to be over the left 
abutment). The load which produces ma.ximum end shear can be 
easily fotincl by trial. 

Tl)c maximum slicar at any point in the beam will occur when 
one of the loads Is over the point. The criterion for determining which 
load will cause a tnaxinnim shear at any point, .r, in a beam will now 
be determined. 

In Fig. 40, let the total load’on the beam, Pj -F -f- Fa + F4 = 
I'F, and let .v lie the distance from tlie left support to the point at which 
we wish to determine the maximum shear. 

When load is at the point, the slicar will be equal to the left 
reaction, which is found by substituting .v a for x in (19) to be 
c D r—g) IV+ P, + c) 

•3^ CS3 ./v I *•— ... - - — 

and when is at the point the shear will be 

„ (L^x)W+P,a~-P^b^P,{l)^-c) „ 

=s ^ ■ * I 

Subtracting 5*2 from we have 


P^L—Wa 


f)*| Moviivg I,oai)s cjn Ui;a^is 

Now 5'i will be greater than iT L is greater than IV o, or if 

'^ 11 ' 5“. f ■’ 1' 

a ^ 

Tlie criterion for inaxinnim slicar at any point tlioroforc is as 
follows : 

The niaxinunn positive shear in any section of a beam occurs when 
liic foremost load is at the section, provided IV is not greater than l 
If IV is greater than the greatest shear will occur when sonic 

(I 

snccccdiiig load is at the point. 

Having determined the position of the moving loads for maxi- 
mum moment and niaxinunn siicar, the nmoimt of tlio moment and 
slicar can be obtained as in the ease of beams loaded witli stationary 
loads, 
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Strkssi'S in •Riudci-; Tuussi;s. 

Method of Loading. — The loads on highway bridges, aiul in 
y eases on railway bridges as well, arc assumed lo he iMneeiilraled 
e joints. of tlic loaded chord, and if the panels of the truss are espial 
oint lo.ids arc cfpiaJ. Tlic assuinplioii of joint loads .siinpliries ihe 
.ion and gives values for the stresses that arc on the safe side. Mipial 
. loads will be assumed in this discussion. 

Algebraic Resolution.* — I’.ct liic Warren truss in T'V- 
loads apidicd at the joints as shown, T'rom the rmulameiilnl 
tions for equilibrium for translation, reaction lii ffg ^ 3 



The stresses in the members arc calculated as follows: Ucsulvhig 
1C left reaction, stress in i-.r s=: -j- 3 ll' sec 6 , and .siress in l~y '.?s 
IV tan 6 . Resolving at first joint in upper duinl, .sires.s in l-J ~ 
IV see 0 , and stress in 2-.r 0 II' tan 0 . Resolving at .seejind 

: in lower chord, stress 2-3 = -|~ a /R sect), and stress 3-y 
tan^. And in like manner the .stresses in the remaining memhera 
foLind as shown. The coefiicicnt.s shown in log. .jj for the elioids 

to be multiplied by IF tan 0 \ while tliosc for the webs arc lo Iw 
iplied by IV secO, 

1(1 onlloa "MoilioA u( SoollouB." 


Stresses in- Bridge Trusses 
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It will be seen that the coefficients for the web stresses are equal 
to the sliear in the respective panels. Having found the shears in the 
different panels of the truss, the remaining coefficients may lie found 
hi' resolution. Pass a section through any panel and the algebraic sum 
of the coefficients will be equal to aero. Therefore, if two coefficients 
are known, the third may be found by addition. 

Beginning with member i-f, which is known and equals — 3; 
coefficient of 2-.v = — ( — 3 — 3) = -[- 6; 

coefficient of 3-y = — (-h 6 -j- 2) = — 8; 

coefficient of 4-.V = — ( — 8 ■ — 2) = -t- 10; 

coefficient of 5-y = — (+ lO -j- i) = — il ; 

coefficient of 6-.v = • — ( — ll- — 
coefficient of 7-y = • — (+ 12 -f- o) = — 12 . 

Loading for Maxintuui Stresses. — The effect of different positions 
of the loads on a Warren truss will now be investigated. 

Let the truss in P'ig. 43 be loaded with a single load P as .shown. 


Chord Str‘e©60s CoetiiCienTs x Plan© 



6 

The left reaction, i?, = reaction, = -ff . The 

stress in i-y = — P tan 9 , and stress in i-.r- = P sec 6 The 

stress in 1-2 = — " 4 ' ^ ^ stress in 2-3 = — ^ P sccO, 

etc. The remaining coefficients arc found as in the case of dead loads 
by adding coefficients algebraically and clianging the sign of the result. 

In Fig. 44 the coefficients for a load applied at each joint in Uirn 
are shown for the different members; the coefficients for tlie load on 
left being given in the top line. 
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iic following' conchisious may ho drawn from Idg:. i‘i). 

t) Al! loads produce a compressive slross in the lnp eluird and 

Ic stress in the hotlom chord. 

’) A!i the load.s on one side of a jianel produce llie same l.ind 
ss in the vvcl) inemhers liiat arc inelincfl in the .sr'ine iliri'ciion ■») 
:le. 

:)r ma.xinmm stresses in the ciiords, lliore/ore, the truss sliMiild 
)' loaded. For Jna.vimniii slre.s.ses in the weh ineuiljtT.s the longer 
It into which the panel divides the truss slioitld he fully loadetl; 
or niininium stre.sses in the wch ntemlter.s the .shorter .segoiieiil of 
ss should he full}' lo.arled, 

1C conditions for ina.xinuttn lo.Kliiig; of a. truss with eijual joint 
rc therefore seen to he essentially the. .same as tlie iii.asimnm lcmc|. 
a beam with a unifonii live load. , 

resscs in IVancn Truss . — The coeflirinUs for inaKiimiin and 
im stresses in aWarren trn.ss <liie to live load are slinwn in l''ig, .15. 
icsc coo/Ticient.s are seen to he the algcFraie simi of liie cio 
ts for tlie iiuiividnai loads given in h'ig. .pj. 'I'iie live load elmnl 
2iUs arc the same as for dead load, aiul if found ilireelly are 
n tiic same manner. 

le maximum well coeOicieiUs may he found directly Iw lal.iiig i.tT 
d at a Lime iicRinning at the left. The left reaeiion. wliU-h lu.ay 
ul hy algebraic motnenls, will in cacii case he the coenicieiu of 


t 


6S 


»Sr«i;ssi.> i.v liiiiix;),’ 'J'nt ssjis 


t(ic maximiitn stress iii (lir pain l (n tiu- It fi nf tlie (ii s( ln:ul, ^iile 
for fiiulinp tlic cneflicient of U-fl reatliiiii fur any luatliii);- is as follows- 
^fnltiply the mnnlier of loads mi tin- truss hy ilu- nniuluT of lo;u|s plus 
unity, and divide tlie pnnhirl hy tvviif llie innnhiT of iiainds in tho truss 
and the result will lie the eot nineiU of llie left reactimi, 

Oiu'tO 



If the second dilTercnees of llie nmximnin eorllielents in the web 
inenibers arc calcidateii, they will he found lo hr emislanh which flhowa 
that the cocfticieius arc c<inal iti the ordinates of a paralxilH, 
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SPXONn nii'PKnt'Ncits op NtiMnnATons op witn ronpPtctRNTa. 

This relation gives an easy inetliod for eheeKing np llir niaxinnim web 
coefficients, since the ninnerntorf« of the eiH-llieienttii are always tiie same 
beginning with unity in the first |Kmel on the tight ami progressing in 
order T, 3, 5 , jo, etc.; the dciioniittalorh always Iwing llie niirnhcr of 
panels in the iriiss. 

It should he noted that in the Warren truss the nirinhcrs tnccliiig 
on the unloaded chord always have siresses etpial in anKunil, hnl op- 
posite In sign. 

, Stresses in PrntI l'tuss.'~- In the Pratt irnss ihe diagonal nienihcrs 
arc tension meinhers and rruniirrsi fsrr iloiiefi in (c) Jog", -ifi) 

must he supplied where there is a reversal of stress. 'I’lie eorfficients for 
the dead and live load siresMcs in the Pratt irima shown hi (a) and (b) 




Stri'SSKS in Pratt 'J'iu.’ss 


46, arc fnmul in the same maimer as fur a WarrcMi truss, llie 
jcr Ui Li acts as a hanger ami carries only the load at its lowei 
The stresses in the chorcis are found hy nniltiplying tlie coefii- 
; by W tan 0 , and in tlie inciincil wolis hy nuiltiplyiiig the co- 
nts by W see Q. The stresses in the po.sts are oipial to the ver- 
components of the stresses in the inclined web nieinhcrs meeting 
on tlie unloaded cliord. 



(a) 



Uve Loaci “leTfena per Joint. Sec0“l 26'Tan0“O.6O 

(b) 
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Till' iiiaxtmtini clii'nl sinsscs slmwii on ilu* li fi of (c) arc vqual 
to till' .Slim of till- livi' am! (Ii .'nl load cliord .'.licssrs. 'J'lti* miiiimimi 
chord slri'ssfs sliown on llic rij;hl of (c) arc equal lo llie dead load 
chord .stresses. 

'I'iie iiiaxinuiin and niininmiu well stresses are found hy aiiding 
algehraically llie stresses in the ineinliers ihie to dead and live toads, 

Since llte diagonal weh inemlu rs in a I 'rail truss can lake tension 
only, connter.s mnst he. siiindied as /,‘j in panel /.'a 'I'he tensile 

stre.ss it) a coniiler in a patiel of a I’rall iniss h. ahvay.s eqnal Iji the 
contpiTssive stress that would oeeiir in the inain diagonal weh inemher 
ill the panel if ll were po.ssihle for it to lake eonipressimi. fare mnst 
alway.s he used to calculate the corresponding stresses in the vertical 

]IOSlB. 

Orophlc ReaoUillon.*- The stresses in a Warren irnss due l<i dead 
luails are cnlenlau'd hy grapliie lesolntion in h’ig. -ly. 'I'he soliilion is 
the same as for ceiling loads in a roof Irtish, 'I'he loads iKglnniiig with 
the first loatl nn the left are laid off fruiii the iHiitom npw.irds. The 
mialy.His of the solution is hIiowii "it the stress diagram and irnsa niu! 
nc'cdN no rx|ilannUon. 

rVoni the filre.s.ses in the iiiemlicrs il is .scrii fa) that wrh member* 
itUTling on the unloaded eliord have .stresses equal in animnit .lint op- 
pn.silc ill sign, and (li) that the lower eluird siri sses are the nrilltmclica! 
means of llie upper chord stresses on caeli side. 

The live load chord stresses may he ohiaiiietl front the stress dia- 
gram in h'ig. .j7 by cliangiiig (lie scale or hy imiliiplying the dead load 
stresses liy a constant, 

The live load weh rlresses jnay Ik* nhiaiiied l»y calciikiling the left 
re.ariioiis for the loading that gives a iiiaxiimmi shear hi the panel (no 
loads occurring between the panel and the left te.ietioni, and then cim- 
.sirneiiitg the .stress diagram nii to the iiu-iiilH r whose stress is reniiircil. 
In a truss with parallel chords it is onlv m ecssary to e,-ih iilalr the stress 
in the first wcli meniher for any given reaeiifni sinee the shear is con- 
slant helwcen the left rcaclioii and ilie panel in qiiesih-n. 


Graphic Rksoi.ution 7' 

The live load web stresses may all be obtained fioin a single dia- 
rain as follows: With an assumed left reaction of, say, loo.ono lbs. 
nistriict a stress diagram on the assumption that the truss is a canti- 
ver fixed at liic right abutment and that tiicrc arc no loads on tiic 






Wi 


Warren Truss. 

Span 


R -•7 Tons. 


BHB 


b Tort6 lit, 


iifls, Then the maximum stress in any web member will 1)C equal to 
e alrcas scaled from the diagram, divided by loo.ooo, nuilliplied by 
e left reaction ibat prodiice-s the maximum stress. Tbis inellind is a 
try convenient one for finding the stresses in a truss with inclined 




yj Stui:ssi:s in riKiin'.i: Turssi;:! 

Algebraic Momcnlfl.— Tlic ik:iil iiinl live Im.hI Mrc^sfs in a irusg 
will) iiicliiKvI dt(»r(i> air f.ilciilati il by al}..''clii.iic iii/iiii<'ii(.s' in I'ljr. 

'i'lie omililinns fur inaxiiniiiii lii.ulinj; air llu- sanu’ in ibis truss as in 
a truss willi (larallc! rburils, aiul arc as follows: Maxininni chord 
.stresses (iconr when all loads air on; tniniimnn clioni .si rcsscs occur 
when no live load is oit; mnxiinmu wch .stresses in main inenihern occur 
when tile longer .segnieni of the trnss is loaded; and niiniminn .stresses 
in main memhers and maxiimim .stresses in connlers oecur when llic 
sliorlcr segment of the irn.sN is loailed. .\n a|i|iareni exeeption (o the 
lailer rule occurs in post I.j wliieh lias a maxitmim stress when the 
truss is fully loaded with dead and lice loads, 



To find the slrcsa in inemher ff, 1,^ take momenis nlKuit point A, 
the iiUcrscclion of the upper and lower cltords prodnred. Tltc dead 
load stress is then given hy llie equation 

Ui /,s X 70.7 4- /?, > (ki — If' Bo - o 
U, /.j X 70,7 — fi (H) j- 3 s Hrt 

Uf 1 .70 tons 


I JO fool-tons 


Ai.r.KilUAic Momi’N'i's 
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The maxiimim live load stress occurs when all loads are on except 
Li, and 

f/i Li X 70.7 H- A’, X 60 = o 

{/, I.j X 70.7 — I 7 > X 60 = — 57C foot-tons 

U^ Aa “ — 8.14 tons 

The niaxhmiin live hiad stress in eoimler L^ occurs with a load 
at L,. and is given hy the equation 

— f/a Ai X 62 . 43 • j- A, X do — P X 80 = o 
f/a 7,1 X 62.. 13 : - ‘t. V X tin — - a X 80 
Ui 7,1 “ — ■ 4.10 tons 

The dead load stress in counter f/g when inain member L, 
h not acting will he 

Ui I, I X 7)2.43 120 foot-tons 

Uy 7 ,, -|- i,<j2 Iona 

The maximum slreas in f/, L.^ is therefore — 1.70 — 8.14 = — 
tj.8.i tons, and the miniimim stress is zero. The maximum stress in 
counter //g 7 ., is -|- I.y2 — 4.10 ^ — 2.18 tons, and the minimum 
stress is zero. 

The stresses in the remaining nieml)cr8 may he found in tlic same 
nmiiner. 'I'o obtain .slre.s.ses in upper chords [ 7 , Ug and Ug Ug, take mo- 
ments ahout 7 ,.j as a center; to ohlain .sires.s in lower chord Lg take 
nioinents ahoiil f/, as a center. The dead load and maximum live load 
strc.ss in post (Ig Lg is equal to the vertical component of the dead and 
live kiada, rcaiu'Clively, in upper chorti Ui f/g. stresses in Lg U,, 

7,„ 7,,. 7,.j 7,'g, f/g U\ ami f/g f,'g are most easily found by algebraic 
rcsohtlion. 

Graphic MomenlB.^ — TIic dead load stresses in the chords of a 
Warren truss arc calculated hy graphic moments in I'ig, 4.9, 

Bcndiiif,' Moment Polygon.— 'I'hc upper cliord stresses arc given 
hy the ordinates to the bending moment parabola flirect, while the 
lower cliord stresses arc arithmetical means of the upper chord stresses 
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oil each siile, ami are ijiveti liy llie i.nliiial. s l.. ihe rlii>v<ls n{ ilio iiurabola 
as shown in -!'>• 

'J'hc paniliola is cdiislnieU il as fnllows: 'I'he m'ul itidinale, .\}, is 
made e<iiial In llie hemline mnnu iil a( llie e. nt. r of ihe truss divided hy 
(he depth; in lliis case the mid-nrdinale is llie stress in C-,r; if the mim- 



her nf panels in ilie truss were odd llie mid nrdiii.ile would iml lie eipial 
to any chord stress, The paralmla is thru eoiistnieteil an shown in Imr. 

Tlie live load chord slresseN may he found from d'» hy chanx- 
inx the scale or liy imilliplyiiiff llie dead In, id chord filresnes hy a con- 
.stnnl, 

Sheoi' (‘hapter IX it wan shown that the niaxiinuin 

shear in a lieain at any point could he reprrnniled hy the nrtllnale hra 
liaralioln at any poltU. Tlie same prlneiplr holds for a hridffe truss 
loaded with ef|iial joint loads, as will iiosv Ik* proved, 

Tn Fix. so assiuiic that the simple Warren irnsn in Tixed al the left 
end as shown, and dial rixlit reaetion A', in not aetinx- Then with all 
joints fully loaded with a live loatl /'. eoiiniriiel a force polyxoil as 
shown, with Jiole o and (lole disiaiiri' U span /., and IieximiiiiX 
t>oiiit ii in the load line of the force jkiIsxoii eoimirnel the erpiilihriiiivi 
polygon a K h for the cantilever Iriisn. 

Now the hciiding moment al the left support will he crjnal lo 
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onlinalt! 3', innlti|)Ho<l by tlio pdlo disiaticc, 11, But tlic Liuss is a sim- 
])1(! li'ii.ss and llio nuimoiH <if tlic ri^lit reaction will be equal to the 
inonu’iit at tlic left aliiUnicnt and 

1', II R, L 

and since II I, 

3', /. r- I\\ R and 

K, --. A^ 

Now, with tile loails rcnuiininf' stalionary, move tlie truss one panel to 
(lie rifjflit as sliown by Uu* flnlicd truss. Witi\ tlic same force polygon 
draw a new ((inilibrium polygon as above. Tliis cqulliiirium polygon 
will be identical with a part of the first etjuilihriuin iiolygnn as shown. 
As above, ibe bending moment at left reaction is \\ II = = 

An I,, and ^ In like manner l^'n can bo shown to he the right 

reaction with three loads on, etc. Since the bridge is symmetrical with 
reference to tlie center line, the ordinates to the .shear polygon in 3'ig. 50, 
are equal to the maximum shears in the jiancl to the right of the or- 
dinate as the load moves off the bririge to the right. 
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To draw the shear parabola direct, witliont tlic use of tiic force 
and equilihriuni ])olygoiis proceed as follows : At a distance of a panel 
length to the left of the left ahuLnicnt lay off to scale a load line equal 
to one-half the total load on the truss, divide this load line into as many 
parts as tliere are panels in the truss, and beginning at the top, which 
call I, iiimiber the points of division of the load line I, 2, 3, etc., as in 
Fig. 49. Drop vertical lines from the panel points and niuubcr them 
1, 2, 3, etc., beginning with the load line, which will be mimbered i, 
tlie left reaction numbered 2, etc. Now connect the numbered points in 
the load line with the point f, which is under the first panel to the left 
of the right ahvrtment ; and the intersection of like mimbered lines will 
give points on the shear parabola. It slionld be noted that tlie line h g 
is a secant to the parabola and not a tangent a.s miglit l;ie expected. 

Tlie dead load shear is laid off positive downward in Fig. 50 to the 
same scale as the live load shears, and the maximum and minimum 
shears due to dead and live loads arc added grnpliically. Tlie stresses 
in the web members are calculated graphically in Fig. 50. 

Wheel Loads. — Tlie criteria for maxiimim moments and shears 
in bridge trusses loaded with wheel loads arc as follows; 

(t) Maximum Moment at any joint in a bridge loaded with 
wheel loads will occur when the average load on the left of the section 
is tlie same as the average load on the whole span. 

(2) Ma.timinii Shear in any panel in a bridge loaded with wheel 
loads will occur when tlie load on the panel is equal to the load on the 
bridge divided by tlic number of panels. 

These criteria will be proved by means of the influence diagram 
in the following discussion. 

For a more complete discussion of the subject sec standard books 
on bridge design. For the calculation of stresses in simple trusses see 
problems iu Appendix II. 



T-'ia 50 , 1 . iNrury.NcK Dimiuam nm 
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Tlic uifliicticc fliaKraiii f(ir (lie jioiiu a' is aiiislmrlcd i)y cainilntinK 
Ijciulinp mojiiciit nl 3' diit; tn n unit luad, . ■. oniiimle 



yS S'l’KHJiSi-S IN linini;i; 'rKi-ssiis 

2 -,\, niul thawing lim'; i- J ami j "1 he i tnuUuin of tin- liiu- is 


.r{ / I*) 

/. 

and llie equation of the line 2 .t is 

iM 


Now when .v « the two lines liave a eniiiiiion ordiiinte wliieh is < (|iial to 

. AIhi wlien .e /. llu- onliiiale lo j j I, mi; while 
L 

when .e (), the ordiiiale to ~ .1 is ii. as is seen in I'i)^^, ‘I'his ivhi” 

lion gives an easy nielhinl of euiisirm'Unj,; an inllni'iiee diagrani for 
nuimeiils fur any piiiiil in a heani nr tmss. 

Now ill I'ig. SOa the heinling imuneiit at j' due to the loails /’, ami 

/* is 

. 1 / f’.y, i (ft) 

Now move the loads and l‘., a short >listanee to the left, the dlS" 
tance heing assnined mi sniall that the disirihnlion of the loads will 
not he changed, ami 


.U I- <1 df e fy. ■ • -/ y, ) I r, ly, I tl y„) (b) 

Snhtracling (a) from (h) and |ilacing</ M o, we have 

d.U — /'i«/y, ! f'j'/ys 

/.-■(» ii 

l!nlr/y, --:d.etan<i, - d.e .andr/y^ (/.rlanoje.-;f/,v .and 

i • L4 


I. "■ ■ ii (I 

(I M- -™/', ^ iLv i ^ 'l-y 


frnin which /’, 11 —• /', /. H- A’. « 


o, and f/'i I /‘a) J. 
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Solving, wc have 


a 


P 1 2 


(c) 


From (c) it follows tUal the jiiOA-ijimm iiiotiiciK at z' occurs 

,dicn tho average had on the left of the seciion is the same as lUa 

avcreigc load on the entire bridge. j i „ tn ^ 

Uniform Loads.-ln Fig. soa. tlic bending moment at 2 due to a 

uniform load p d x will be p y d x in (a). Dnt 3 ’ ^ ° "" 

inlUtencc diagram under tbe uniform load, and the 
at 2' due to a uniform load will be equal to the area of the mduence 
di'igraiu covered by the load, multiplied try tbe load per umt of leng i. 

"X™ load, f, cov.i„B UK o,„„c „k.. , 1 k bc,ul,„S 
at 2' will be p limes the area of the inlluence diagram 1-2-3. 
uniform load die bridge must he fully loaded to obtain maximum be.ul- 
ing moment at any point. It will be seen tbat the 
maximum moment is satisfied when the bridge is fully loaded 

uiiiform load. , n • t?:,, 

Maximum Shear in a Truss.— Let F,, Fq, ai'd a >” L- :> 
,cn,KK„l U.C lo,l<ls 01, UK Icit of the l»lKl, on UK |Knel. >n'l 
X of 11, e (,„+,)«. teeiKelively; H -i;-"' '« 
posUion of ,lK londs (or a ,„ax,„i„„i slic.nr in U,o pant 

Will, ,a load „„i,y a, 2 ' the shear In the panel is - >"<1 '-2 i* >'« 

inline, .CO shear line (or loads to the tet, of ,he panel. With a 'oa.l »»hy 

n — ;j( 1 I jg i„. 

nt 3' the shear in the panel ^ 

Uncncc shear line to, loads ,0 the right of the U--;; 1 ““ 

e rtl y to 3 '- 

die panel the .shear will vary from „ 

and the line 2-., is ^'"iX.lKsl^n 

u „m;:fru, at runes .-2 and d -4 are parall.t, and are a. a 

distance unity apart. 

The total shear in the panel will then he 

— Pi 3', + Fj 3'2 + Fs 3'» 
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Kow move llie loads a sliorl distanee lo llie left, llie disUmec being 
assumed so small llial llie dislrilmlioii of llie loads will mil lie ebanged, 
and 

s-\-(l (yi — dyi) I /’» iy-j — ’l y-i) l-^’ii (.Vn*!*'/}'#) (t) 

Subli'acling (il) from (e) and solving for a maxiimini 
d S -- i'j (/ 3-, —‘J'.jd .V„ 'I ■ I 'j, (/ J’a - • O 

But j 

dy'i (/.!• Ian tt| tlx 

It I 

U ' I 

rf Va ■ f/ .V tan • d X 

II I 
I 

rfi'ii' dx Inn (I, tlx - • 

It I 



Fig. sob. Ini-i.uknck Diagham wm Siihau. 


and subsliliUing wc have 

d S — 1\ d X ” H • f\ - o 

III n I n I 

and 

r\ + I\ d- n 


and 
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1 


) 

A 


II 


to 


im (f) it follows tlial llic iiiaxiiiiiiiii shear in the l<anel synll oeeur 
at Utc load on the f'nnel is ei/itnl lo the loiul on the hntl,i,'e lUrnteil 
the number of faitcis in the britlfiC. 

Uniform Loads.— Vrnm I'ifT. 50I), it will hu seen tlial fur a iini- 
m lontl tl)c iDaxiiinini shear in liic panel will oeenr when the nnifi'i in 
[1 cxteiuls from the ri},Hil alnilmeiit to that point in the panel where 
line 2-3 passes through the line i-.i (where the shear ehanges sign 1. 
• a minimum shear in the panel (maximum shear of the npiiosite 
11) the load should extend from the left ahutmeiit to the point in 
panel where the shear changes sign, hnr ecpial joint loads, load 
longer .segment for a maximum .shear in the panel, and load the 
rtcr segment for a minimum shear in the panel. 


Maximum Floor Beam Reaction.-- It is leiiuired to lind the 
xinutm load on tlie floor Iieam at 2' in (a) iMg. 5(ie for (lie loa<ls 
l ied by the lloor stringers in the panels I'-a' and 2' 3'. 

In (a) the diagram i~2-~3 is the inllnenee diagrinn for the shears 
a' due to a load unity at any point in either |ianel. In (h) the dia- 
m 1-2-3 is inlhtcnec diagram for bending nnnnent at 2' for a 

t load at any point in ijic licam. Now diagram in (a) dilfers from 

gram in (b) only in the value of the ordinate 2-.(. It will he seen 
t the reaction at 2' in (a) may be obtained from the diagram 

(b) for any .system of load.s if the ordinales are iimltipliei! by 

— i. We can therefore use tliagrnm (h) for ohlaining the 


ximum floor beam reaction if we inu!li|ily all ordinnteB by 




r/i 


To obtain the maximum floor beam reaction, therefore . tuhe 11 
(lie beam equal to (he sum of the two panel lenfiihs, and dud the 
vimnm bcudinf; moment at a point in the beam eorresponilinj; tn 

pond point. This ma.vimiim moment nndtipHed h\< ’ ^ will he 

d, d^ 

maximum door beam reaction, [f llic two panels are etpial in 
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length tile maximum bending moment at the center of the beam multi- 
2 

plied by wliere d is the panel length, will give tlie maximum floor 
d 

beam reaction. 



Fig. soc. Influence Diagram for Maximum Floor Beam 

Keaction. 



CHArXER XI. 


Strkssks in a Tuansvicrsiv Biint. 

Dead and Snow Load Stresses, — 'I'hc stics.scs due to tlic dead 
load in the trusses of a Iraiisvcr.sc bent are the same as if the trusses 
were sujiporteii on solid walls. The .sire.sso.s iji tlic supporting- colmnns 
are due to the deail load of the roof and the part of llie side walls 
,suj)ported by the columns, and are direct compressive stresses if tlic 
columns are not fixed at the lop. If the colmnns arc fixed at the lop 
the delk'clion of the truss will cause bending .stress in the columns. 
The dead load produces no stress in the knee braces of a bent of the 
type shown in I'ig. i excciit that due to dcflecliou of the truss, which 
may usually be oinitted Xhe stresses may he computed by algebraic 
or graphic methods. 

The stresses duo to snow load arc found in the same way as the 
dead load stresses. In localities having a heavy fall of snow the freez- 
ing and thawing often cause icicles to form on the caves of sufficiciU 
weight to tear ofT the cornice, unless particular care has been exercised 
ill the design of this detail. 

Wind Load Stressea. — 'Hie analysis of the .strcs.scs in a bent due 
to wind [fiads is similar In tlie analysis of the stresses in the portal of a 
bridge. 'I'he external wind force is taken (i) as horizontal or (2) 
as nonnal to all surfaces. The first is the more common assumption, 
althongli the second i.s more nearly correct. For a comparison of the 
.stresses in a IxMit due (o the wind acting horizontal and normal, sec 
I'igs. 5<|, 55, and 57, and Table V. In the discussion which immed' 
iatcly follow.s, tiic wind force will lie a.ssumcd to act horizontally. 

'I'hc magnilmic of the wind stresses in the trusses, knee braces and 


Srm.ssis IN A Thansvi:u.i; Hiinv 


citliimns will ilcpi'inl (a) npi'H «fi< ili< i ila- liaM s <<J‘ il«- arc 

lixfil nr five lip Imii, (I'l iil"'ii wlnllui iln- an- li^idly iixcil 

111 llu- linss al till’ ami (i ) iil">ii llu- l.iui- luai«! ami iinss c<m- 
miiiiMis. Of lllf iinim ii'iN a'.'.iiiinilii'im lliat iiii}.;l»t In- niaili-. otily two, 
llic imi'-l jin ilia! ilr, will Ik- nniMili-U‘l, vi/.; (1) ciiliiiuiis pin iMijmrk'i) 
(fn-i- III liini) al llu- iia-'i- ami l"p, ami till fulmuim li\i-il al the base 
ami jiiii fiimuTli-il al lIu' in)'. 

('iiltimtis ill mill liitililiii^- are iisii.dly (i\«-*l l»y im-aii’i nf lieavy 
hasi-s ailit am-lmr Imlts. Wluif tin- colniini-. Mipiiotl lu-.ivy Inails ibc 
(lead Inail sln-ss in llu- ^•■llnnln>< will a'-^i l Mnm wlial in lixiiij.^ llu-iii. 
Wlu-re llu- ili-atl liiail ftie'.>i jilii-. alK'-l'iaii all;i tin- vi-iiit'al i:<iin|)iini‘Ut 
i)f till* wiml .slii-ss in tin- iiiliiinn, niiiUij'liiil hv i>m' half llu- wiillli of 
llu- hase Ilf llu- mlmnn paialhl In tin- iliniiimi nf llu- wiml, I;. j'ri-aUT 
than till- lu'iiiliiin; innnunl ili\i-li>iuil al llu- huM- nf llu- K-i-w-ai'il 
cnliiiKij wlini llu- (-dltiimis aiv t (ltl^i(!t-I(-fl a-« l»\ril, llu- oiIiniiiiN will he 
lixi-d willunil iiik'Iuu- IhiIpi (mi- I'hapui Xl|, I'ij;. (nj. In any case 
lilt- |-(‘siiUaiit niouu-nl ik all llial will Ik- lahtii hv llu- aiuluir Imll't. 'flic 
dead load Mi-i-kki-s in milt hitildin^i an- M-ldniii Millu ii'ni i<i ).;ivi' nialcrini 
iissistaiu-i- ill lisinj,'- llu- tiilninn-. rnli-'-^ »ar<- i*. mud in aiu-luiriiiu 
coliiimis il in lu-sl lo di-<ijpi mill hnilditii^') for lolninmi liin^rd nl llic 
hast-. 

'flu* j'riiar.-il |;r<)hli-m nf ihUi-'i'u-a in a iran^vrr-ir hi-iii for Case X 
itiid Case II, in wlin li llu- ^tr['*l*u •l and fonc-i are th irriiiinf-d hy algc- 
hraie nii-lluids, will imw hr ronMilrird, 'flu- tiptiliialioii of ilu* ('ciicral 
prnlilem will hr fiirltirr rxplaimd hy liu- grajihir mihtlinn nf a |iar- 
licitlar pnihleni. 

ALGEBRAIC CALCULATtON OR STRESSES: Ciise I. 
Columns Free to Turn at Base and Top. In I'ig. 51, II //* 

=:-i ‘j* (inrizniilal ri-actinn al tiu- Ihim- of llu- roluinii dnr in rxlcriial 

vcTlical n-ariion al ki^r nf rnliimn due to 

Ihc wind force, If'. 

'file wind pnuliiccN lieiiding in llu- folunnin, and also the direct 


wiml force, ff'. 

C. - C V 


rr/ 


Cor.uMNs Hingkd at tihc Dasu 


SS 


stresses F and F'. Maxiimim bending occurs at the foot of tlie Unce 
brace and is equal to (// — • JVj) d on the windward side, and 77* d 
on the leeward side. 'J'bc.sc bending moments arc tlie same as the bend- 
ing moments in a .simile beam supported at both ends and loaded witli 
a concentrated load at the point of maximum moment. Since the ma.x- 



imiim mojnont occurs at tltc foot of the Icjicc brace in the leeward 
column, we will consider only that siilc. We will assume that the lee- 
ward column (b), iVig. Si« acts as a simple beam with reactions / 7 ‘ and 
C and a concentrated loail B, as in (c). The reaction C and load B will 
now be calctdalcd. 

I'Von) the fiiiKlaincjUal equation of cqiiilibniim, summation hori- 
zontal forces equal zero, we have 

B == //' - 1 - C (25) 


Taking moments about h, we have 

C (/j — d) - IB d 
IB d „ 

& 




( 26 ) 


h-.d ' 

The stresses K, U and L can he computcHvby means of the follow- 
ing fonmiJas; 

K = B cosccatit in (27) 

wlicrc m = angle knee brace makes with column; 

U “ (F' — K cos in) cosecant n 
where n = angle of pitch of roof; and 


(28) 
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L = C U cos H (29) 

Iij calciiIaliiJg the coircspojicliijg; stresses on llie windward side, 
the wind components acting at tlie points (a), (b) and (c) must be 
subtracted from H, B and C. 

The shear in the leeward column is equal to [-P below and C above 
the foot of the knee brace, (d) I'ig. 51. 

The moment in the column is shown in (e), Fig. 51, and is a max- 
inuiin at the foot of the knee brace and is, — IP d. 

The maximum fibre stress due to wind moment and direct loading 
ill the columns will occur at the foot of the knee brace in the leeward 
column, and will be compression on the inside and tension on the out- 
side fibres, and is given by the formula* 

/■•/—Pi M y 

10.fi' 

where /, = rnaximum fibre stress due to flexure ; 

=r fibre stress due to direct load P; 

A — area of cross-section of column in square inches; 

M = bending moment in inch-pounds = BP d; 

y — distance from neutral axis to extreme fibre of column in 
inches ; 

I = Moment of Inertia of column alxjut an axis at right angles 
to the direction of the wind ; 

P = direct compression in the column in pounds; 

li = length of the column in inches ; 

B = the modulus of elasticity of steel = 28,000,000: 

Ph^ 

10^ is minus when P is compression and plus when P is tension. 

The maximum comiircssivc wind stress is added to the direct dead 
and minimum snow load compression and governs the design of the 
column. 


•This formula was flrst deduced by Prof. J. D, Johnson. For doduction 
of tho formula aeo Ohaplor XV, or “Moiiorn Framed Structures” by Johnson, 
nryan and Turncaurc. 



Columns Fixhd at tiijc Bask 


«7 


Having the stresses K, U, and L, the remaining stresses in the 
truss can be obtained !)y ordinary algebraic or grapliic mctliods. 

For a simple graphic snhilinn of llie stresses in a bent for Case I, 
in wliicb these stresses arc computed graphically, see Fig. 54 tor wind 
liorizontal, aitd Fig. 56 for wind normal to all surfaces. 

Case II. Columns Fixed at the Base. — With columns fixed 
at the base the columns may be (i) hinged at the top, or (2) rigidly 
fixed to the truss. 

(i) Cohiiiiiis Rxed al the base and liinfi;rd at the to [>. — It tvill be 
further assumed that the deflections at the foot of the knee brace and 
the top of the column, F'ig. 52, arc equal. 


w. 



£x,iortiol Torecs Ueowotxi Col. Boom 

Fio. 52. 



n' 

W) 

Shoor 



( 0 ) 


Monnont 


In Fig. 52 we have as in Case I 

2 

V ami arc not as easily found as in Case I, but will bo cal* 
culatcd presently. 

'J‘hc leeward column will be considered and will have liorizontal 
external forces acting on it as shown in (c) Fig. 52. For convenience 
we will consider the leeward column as a beam fixed at n and actcil 
upon by the horizontal forces /J and C as shown in (c) Fig. 52, the dc" 
ficclioii of the points b and c being equal by hypothesis. 

From the fundamental condition of equilibrium, summation horF 
zontal forces equal zero, we have 

li = IP + C 


(31) 
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To obtain niul t-' a mthiuI nin.iiitm is in r»-ss;iry. 

From till' theory nf llexnre we have for I he lteniliii|.j nioineiU in 
the cohmm at any point y. where lln- oritjin is laKeu at the l)asc of the 
cohnnn, wiien y d 

M K // {,d -.V) ~ C\/i -..(•) (.t2) 

integratinff (jJ) between the limils y n am! y ■ tl, \vc have 


li/ 




C(j.,-Ar) 


r/y I •! •• ' 

Jt 


d 

0 


(33) 


Now (33) equals /i / limes the angular ehaiige in the liirection of the 
neutral axis of the ctilimm from y o to y d. 

When y > 1 , we liavc 


Af . A‘ r 


d* r 
dy^ 


C (A j') 


Integrating (3.1) wc have 


K I 


d X 

r/y 


rAy' h -’"-l l-\ 


(3-1) 


(35) 


Mow (35) equals /v / times the change in ilireeiion of the neutral 
axis of the column at any iKiinl from y d m y =; h. 

'I'o determine the coiislnnl h\ in (35) wc have the condition (hat 
the angle at y il must he the same whether delcrniined from equation 
(33) or equation (3S). Kquating (33) and (35) and making y ; • </. 
wc have 



/»- t t 

’ i 

(3(.) 

Subsiliullng this value of /•’, in (35) wc have 


y? / 

dy 

r;" 1 

(37) 

Integrating (37) helwern the limits y d and y 

h, we have 




1 ' 1. i Jy 


f.(hd' 

BStJ U 1 t 

d* a'n. „A/*A f/*\ 

(3«) 


Columns Fixi-n at Tiir: 


Sy 


Now (38) equals Ji I limes the dcdcclinu of liic column from 
y =: d \.n y — h, which equals zero hy hyiiolhesis. 

Solving (38) we have 

C . 

It '■ ■- 3 /( ■I 'ld 

3 ( 30 ) 

In a l)cam fixed at one end there is a point of inflection at some 
point, hcLween y “ n and y d, where the hendiiif;' moment eijiuds 
zero. Now if y„ equals the value of y for the point of inlleclion, wo 
have from (32) 

Ji ((/ ~ yJ ^ c (h — y,) 

C d — J'o 
I) 

l-lquating the second mcmher.s of equations (39) and (qo) r 
solving for 3'o. we have 


ami 

(•to) 


d[d-Vlh\ 

2 (aT-T- J 


(. 11 ) 


To find the relations helween yo tmil d, we will substitute /( in 
terms of d in (41) find -solve for yo. 


For 

dr . A, ru' 


vSoIving (31) and (3'j) foi C, wc have 
//> nd^ 


C rrrr> 




( 42 ) 


To find the moment at the base of the leeward column, wc 


have from (32) 


il/„ li d — C h 
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Substituting the value of B given in (31) we have 

Mj, =H^d + Cd — Ch (32a) 

Eliminating h and d by means of (41) and (42) we have finally 

y, (43) 


In like manner it can be shown that the moment at the base of the 
windward column is 




w d'^ 


(43a) 


where w equals the wind load per foot of height. 

To find V we will take moments about the leeward column. The 
moments and at the bases of the columns respectively, resist 
overturning and we have 


, . rj W I 

and since // = — 

j [l/l— 2 Ify, + 

Now if ~ is taken equal to y^, we have after transposing 

F=- E‘== i[2//-K/y„] [— ~-^] (45) 

It will be seen that (45) is the same value of V and that we 
would obtain if the bent were hinged at the point of contra-flexure. 

From (43) and (45) it will be seen that we can consider the col- 
umns as hinged at the point of contra-flexure and solve the problem 
as in Case I, taking into account the wind above the point of contra- 
flexure only. The maximum shear in the column is shown in (d) 
Fig. 52. 

The maximum positive moment occurs at the foot of the leeward 
kmee brace and is = H (d — yo) ; the maximum negative moment 
occurs at the base of the leeward column and is equal to = li y^. 
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Tlic niaxiuinin filirc stress occurs at the foot of the knee brace, 
and is given l)y the formula 




10 E 


The nomenclature Iieing the same as for (30) 


(30a) 

except /t, which 


is the distance in inches from the point of contra-flexure to the top of 
tlie column. 


(2) C oliiiiuis fi.vcd at the base and top . — In this ease it can be 
seen hy inspection that tlic point of inflection is at a point = ~ 

and we have for this ease 


B = IB -h C (31a) 

- = -^k (32a) 

*5 


r’^- (f- 


(42a) 


It i.s difllcult to realize tlie exact conditions in cither (1) or (2), 
in Case 11, anci it is prohaljlc tliat when an attempt is made to fix 
columns at the liase, tlie actual conditions lie some place between (i) 
and (2). It would therefore seem rcasonalilc to assume the minimum 
value, yig as the best value to use in practice. This assumption is 
commonly made and will lie made in the problems which follow. 

Having tlic external forces //', B, C and the stresses K, U and 


/y are com[nitcd by forimilas (27), (28) and (29). The remaining 
slresscs'in the truss can then lie computed by the ordinary algebraic or 
graphic metliods. 

Bor a simple graphic solution of this problem, where the ex* 
Icrual forces B and C arc not computed, see lug. 55 and Big. 57. 

Maximum Stresses. — It is not probable that the maximum 


.snow and wind load.s will ever come on tlic Iniilding at the same time, 
and it is therefore not necessary to design the .structure for the sum of the 
maximum stresses due to dead load, snow load and wind load. A 


CJ2 


Stui-ssks in a 'rKAN.-<\ i;hm; 


coiniiioii iiii'lliocl is III I'cimliiiu* llio tlrail luail strcssrs willi tiu’ snow 
or tlic wind load strossfs llial will proiliu'c ma\imiini stia-ssi's in tlie 
nu'inlii'rs. It is, Iiowovi-r, tin* iiracliii- oi' tin- aiillmr to coiisiiU'r tliut 
u heavy sleet may he on llie roof at the time of a heavy wind, and to 
desiffii the strnelnre for the maKiumm stresses eansed hv dead and snow 
load; dead load, minimum snow load and wind load; or dead load and 
wind load. It should he noted that the inaKiimim reversals tuTiir when 
the dead and wind load are aetintj, For a ennuiarismi of the stresses 
(hie to the dilTerent comhinations see Table \T. 

A oonimon methn i of eomiuitinf' the stresses in a truss of the 
Fink ty[ie for small steel frame mill hnildintts is to use an ei|nivalent uni- 
form vertical dead load: the knee hraees and the inemlK-rs alFeetecl 
directly hy the knee hraees U'int' desif,med aeeordint,; to the juiltfinent 
of the euffiiu'er. This method is satisfactory and esiKalitious when 
used hy an ex|ierieneed man, hut like other short ents is dangerous 
when used hy the iue\|terieueed, l‘or a eonniaiison of the stresses in 
a 6o-f(KU Fink truss hy the exnel and the ajiiirosimate method alwve, 
see Table VI. 

Stressea in End Framing.— The external wind force on an end 
hent will he one-half what it woidd Ik’ on an intermediate trans- 
verse hent, and the .shear hi the eohiimis may U- taken as e«|nal to the to- 
tal external wind force divided hv the timnlier of eohmms in the braced 
panels, The stresses in the diagonal rmh in the rml framing, as In Fig. 
I, will then he e(|ual to the external wind fortv If. diviited hy llie mimlier 
of hracetl panels, inultiplied liy the secant of the angle the diagonal rod 
makes with a vertical line (For analysis of Portal ISracing «ee Chapter 
XII). 

Bracing In the Upper Chord and Sldet.~The intensity of 
the wind pre.ssure is taken the same on llir ends as on the sides, 
ami the wind loads arc applied at the hraeinge<»imeetioti jjoltiis along the 
end rafters and the aimer columns. The shear iran^ferretl hy each 
braced panel is ccjual to the total shear divided hv the tnmib’r of braced 
panels. The stresses in the diagonals in each braced panel arc com- 
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putcd by applyinj^ wiml lorula at the points above referred to, the wiml 
loads being equal to the total wind loads divided Ijy the mnnber of 
panels. The stresses are computed as in a cantilever truss. The brac- 
ing in the plane of the lower chord is designed to prevent undue de- 
flection of the end columns and to brace the lower chords of the. trusses. 
All wind braces should be designed for, say, 5,000 pounds initial stress 
in each member, and the struts and connections .should be proportioned 
to take the resulting stresses. 

It .should be noted that a mill huilding can be braced so as to be 
rigid without knee braces it the bracing be made sufficiently strong. 

graphic calculation of STRESSES.—Data.— To il- 

lu.sirate the. method of calculating the stresses in a transverse bent by 

II ^ * 

- 'b' graphic methods, the following data for a transformer huihling similar 
to one designed hy the author will he taken. 

The building will consist oC a rigid steel frame covered with cor- 
rugated steel and will Iiave. llie following dimensions: Lengtli of 
building, 80' o"; width of building, CxV o" ; height of coltmms, 
ao' 0"; iiiteh o[ truss, Ja (d" iu iT’) ; total height of bnikUng, 
35' 0"; the trusses will he spaced 16' o" center to center. The trusse-s 
will he riveted I'ink trusses. Purlins will be placed at the panel points 
of the trus.ses and will he spaced for a normal roof load of 30 Ihs. per 
square foot. The roof covering will consist of No. 20 corrugated steel 
with 2pj-inch corrugations, laid with 6-inch end laps and two eor- 
nigation.s side, laj), with anti-condensalion lining (see Chapter XVIII). 
The .side covering will cotisi.st of an outside coverings of No. 22 corru- 
gated steel with 2j/j-lnch corrugations, laid with .|.-inch end laps and 
one corrugation .side lap; and an inside lining of No, 24 corrugated 
steel with ijq-inch corrugations, laid with 4-incli end laps and one 
corrugation side laj), For additional warmth two la3'crs of tar paper 
will he put inside, of the lining. Three 36-incli .Star ventilators placed 
on the ridge of the roof will he used for ventilation. The general ar- 
rangement of the framing and bracing will he as in ,Fig. 1 and Fig. 81. 
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Stresses in a Transverse Bent 


The approximate weight of the roof per square foot of horizontal 
projection will be as follows; 


Trusses 

. . . 3.6 lbs. per sq. ft. 

Purlins and Bracing. . . 

2 Q “ “ “ “ 

Corrugated Steel 

- il il it 

... 

Roof Lining 

j Q a ii (( (i 

Total 

...10.0 ” “ “ “ 


The maximum snow load will be taken at 20 pounds, and the 
minimum snow load at 10 pounds per square foot of horizontal pro- 
jection of roof. 

The wind load \vill be taken at 20 pounds per square foot on a 
vertical projection for the sides and ends of the building, 20 pounds 
per square foot on a vertical surface when the wind is considered as 
acting horizontally on the vertical projection of the roof, and 30 
pounds per square foot on a vertical surface when the wind is consid- 
ered as acting normal to the roof. 

The stresses in an intermediate transverse bent will be calculated 
for the following: 

Case i. Permanent dead and snow loads. 

Case 2. A horizontal wind load of 20 pounds per square foot on 
the sides and vertical projections of the roof, with the columns hinged 
at the base. 

Case 3. Same wind load as in Case 2, with columns fixed at the 

base. 

Case 4. A horizontal wind load of 20 pounds per square foot on 
the sides, and the normal component of a horizontal wind load of 30 
pounds per square foot on the roof, with columns hinged at the base. 

Case 5. Same wind load as in Case 4, with columns fixed at 
the base. 

Case I. Permanent Dead and Snow Load Stresses. — On ac- 
count of the limited size of the stress diagram the secondary members 
have been omitted and the loads applied as shown in Fig. 53. The 
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loads producing stresses in the truss £ire la.icl off to the prescribed scale, 
being the left, and y-.v^ the rig'ht reaction. Ihc stt esses arc cal- 
culated as follows; Beginning with the left reaction, draw lines 
through and 3), parallel to the upper and lower chords of the truss, 
respectively, and the line a\-2 will represent the compressive, stress in 
the member .ri-2 and y-2 will represent the tensile stress in the member 
y-2 to the scale of the stress diagram. 


-.-.f ^ 


ft 

aijj' P 


Spon,L,60-0 c-toc- _ 

Length of BuIalng,aO' 0“C't0C' 
Distance c-roc-'Tro3se6,l6''0' 
Height of Columns 2O'-0“ 
Pitch of Roof Jt Ce"irtt2") 





S'l'KIiSSKS t.V A TltANSVKKSlv liUNT 


</' 

i^nlvt'd liy caletilaliiif*' tlu' stress in 5 (1 and sulistitiuiiij^ it in the (liaj^'rani, 
ur by sul)stitiiting an auxiliary nieinher as slniwn. t'liiniiressinn anti 
tension in the truss anil stress itiagrani in I'i^^. 53 are indieateil liy heavy 
and light lines respecliwly. 

The stress in each column is equal to one-half the stun of the ver- 
tical loads, [lilts the load carried directly hy the cohinm. 

Case a. Wind Load Stresses: Wind HorUontal ; Columns 
Hlnged.—The wind will lie considered as acting at the joints, as shown 
in h'ig, 54, Riqilace tlie cohinms with trusses as indiealed liv tlie dotted 
lines. This makes tlic hcnl a two hinged areli (see t‘lia|iler XI\'), and 
the stresses will he statically determinate as sikhi as the hori.^'onlal reac- 
tions if ami //' at the h.isc., of the cohniins, have heeit delermineil. The 
usual assunqitioii in min hnildings and portals of bridges is that 
II s:; //’ wdiere If the horizontal eom)iouent of the external 

wind force (see Chapter XII). To calculate I’ and I*' graphically, [iro- 
ducc tlie line of resultant wind until it inerseets a vertie;d line through 
the center of the truss, and cotmeel the interseelioii .1 with tlie hasrs of 
the coliirnris H and C. hrom .1 lay o(T II II' , as shown in 

iMg. 54, and complete tlie triangles hy drawing vertical lines through 
tlie ends of these lines, The vertical closing lines will he I' —• /*', 
as shown in fug. 54. 

The stre.Hses are calculated as follows: Hegitming with the fixit 
of the column H, lay ofT the doiteil line A-II s"; R. At /I, lay otl the 
load a-U ~ 2240 lbs.; through « draw a line [larallel to anxiliary truss 
mernher a-h, and Ihrougli .1 «lraw « line parallel to the column h-A, 
com[iletiug the polygon . I-H-a-b. _ ■■ 

The line a-b in the stress diagram will he the compression in the 
auxiliary member a-b, and A-h will lie the tension itt the roUiniii A~b. 
It shoitld be noted that T is equal to the algehraie sum of the vertical 
components of the stresses itt it-h and , 1 -h. Next lay off .r u 11 ». 

and complete the [Kilygon a-x-c-h hy drasving lines through r am! I» («r- 
allel to the auxiliary truss meriiliers .v-c ami b-c re.HjK'ciivcly, In like 
manner determine the stresses at the foot of the knee brace hy con- 
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structing the polygon A-b-c-i ; and at the top of the column by con- 
structing the polygon c-A--.ir-2-i, etc., until the diagram is checked up at C 
with C-A = R^. The indeterminate case at the joint L/j) can be solved 

' 1 1, 0 5 lO' IS 20' 


I \ 5 / a \ u 

18 ^ ^ \Aj, \ 


wind 11200 lbs. 




CASE 2 

Columns Pin Connected 
Moximum Mom-In Col-«940800lri-lb8-? 


Wind Load Stress Diagram 
Wind Horlzontal.SOIbs-persqn 


Compression 


.Tension 


Fig, 54. Wind load strlss diagram, casio 2. 


by computing the stress in 5-6 (component due to stress in 6-7), and 
substituting it in the diagram, or by substituting an auxiliary member. 

The stresses in the auxiliary members are represented by dotted 
lines and are of no value in designing the bent. It should be noted 
that the auxiliary members do not affect tlie stresses in the trusses and 
knee braces, which are correctly given in the stress diagram. 

The maximum stress in the knee brace A-15 is compression, and 
occurs on tlie leeward side. 





Stresses in a Transverse Bent 


The maximum shear in the leeward column below the knee brace is 
= 5600 lbs.; the maximum shear above the knee brace is 13,100 lbs. 
The maximum moment occurs at the foot of the knee brace and is 
X 14 X 12 = 940,800 inch-lbs. 

Case 3. Wind Load Stresses: Wind Horizontal; Columns 
Fixed at Base.— This is Case 2 with the base of the column hinged at 
the point of contra-flexure. , In calculating H and V, Fig. 55, the wind 

Am d ^ 10 ’ 15 ' 20“ 


£00 Ua 

1 200 

1200 j- 


Wind .8960 Ita. 


1 . A” 

UH.4‘)80\b^ 


CASE 5 


Columns Fixed at Base 


Mox-Mom-ln Cot = 376320 in. lbs. 



Wind Lood Stress Diagram 
Wind Horizontal 20 Ibs per sq ft- 

13 

15 0 4000 6000 

yL * ' ' ' ‘ 

Compression ■ — - 




Fig. 55. Wind load stress diagram, case 3. 


above the point of contra-flexure only (see formula (45)) produces 
stresses in the bent. The value of fixing the columns at the ba§e is 
seen by comparing the stresses in Case 2 with those in Case 3, .’both 
being drawn to the same scale. Maximum shear in the leeward column.' 
below the knee brace is = 4480 lbs. ; above the knee brace is 5230 
lbs. The maximum positive moment occurs at the foot of the knee 
brace and negative moment at the foot of the column, and is x j 
X 12 = 376,320 inch-lbs. 









A ^,-'4 


Fig. 56, Wind load strrss diagram, casr 4. 
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STRIJSSKS in a TrANSVKUSK liiiNT 


From ^ lay off one-lialf of resuUanl vviml cm rarli side, atul from the 
extreme ends drop vertical lines 1' and f’‘ to the dotted lines A B and 
A C. Thti vertical lines F and f'* will Ik* the vertical reactions, the 
horizontal lines will he II and II'. and R and /v‘ will U* the resultants 
of the horizontal and verticai reactions at li arnt ( ' resjH-ctivcly, The 
stresses are calculated by iK'finniiif? at the lane fif tlie column B m In 
Case a. In the polygon a-B-A-b at B, A-U R. n /f - a^‘.to ibt., and 
(hb and A-b are the stresses in a-b and A-b refijHTtivdy. 



CASE 5 

WwJ Lucid 

Vlf5«il Nw'ftKiI.rfejK# iBitoft 


Wind Load Strei^ses, Casu 5 loi 

The maximum shear in the leeward column below the knee brace 
is = 5500 lbs., above the knee brace is 12,800 lbs. ; the maximum 
moment occurs at the foot of the knee brace and is x 14 x 12 = 
924,000 inch-lbs. 

Case 5. Wind Load Stresses; Wind Normal; Columns Fixed 
at Base. — This is Case 4 with the liase of the column moved up to the 
point of contra-flexure The maximum shear in the leeward column 
below the knee brace is 4300 lbs., above the knee brace is 5000 lbs. ; the 
maximum positive moment occurs at the foot of the knee brace and 
negative moment at the foot of the column and is x 7 x 12 = 361,200 
inch-llis. For analysis sec Fig. 57. 

Maximum Stresses. — The stresses in the different members 
of the bent for the different cases are given in Table V. The maximum 


TABLE V. 

Stresses in a Bent For 



Nc^e 

Piece 

Dead 

Load 

Snow 

Load 

Cases 

Wind 

Case5 

X-2 

+9300 

+76900 

+3700 

+2900 

x-a 

+6600 

+77600 

+4900 

+4000 

X -6 

+6200 

+76400 

+ 400 

+ 7400 

X-7 

+ 7700 

+75400 

+7400 

+3400 

X-9 

+7700 

+75400 

- 6/00 

-7900 

X-13 

+9300 

+78600 

-79600 

-8600 

('•2 

-8300 

-76 6 00 

+ 5700 

+2600 

2-3 

+7700 

+ 2200 

+ 500 

+ 500 

3 - 4 . 

-7200 

-2400 

-6800 

-4900 

4-3 

+2200 

+ 4400 

+3600 

+3000 

3-8 

-7200 

-2400 

- 600 

- 600 

6-7 

+ 7/00 

+ 2200 

+ 500 

+ 500 

3-8 

-2400 

-4800 

-4300 

-3300 

7-8 

-5600 

- 7200 

-4900 

-3900 

8-9 

-3600 

- 7200 

+7500 

+3600 

9>I2 

+2200 

+4400 

-6700 

-3200 

12-13 

-7200 

-2400 

+75200 

+7400 

Y-4- 

-7700 

-74200 

+2400 

+ 800 

Y -8 

-4700 

- 7400 

+6300 

+4000 

Y-12 

-7700 

-74200 

+74200 

+7700 

13-15 

-6300 

-76600 

+4600 

+3000 

A-l 



-9000 

-6200 

A-15 



+22300 

+I/OOO 

A-b 

+4800 

+ 9600 

-3200 

-2700 

C-l 

+4800 

+ 9600 

+ 7700 

+7300 

A-17 

+ 4800 ' 

+ 9600 

+3200 

+2700 

13-16 

+4800 

+ 9600 

-6800 

-3800 


+15400 

+15400 

+IOZOO 

+10200 

- 1400 
-14600 

- 5100 
+ 2400 
-6500 
+ 7300 
-2600 
+2400 
-6200 
-10800 
+ 7400 

- 6700 
+14800 

- 6000 
+ 2200 
+ 9700 
+ 500 
-8500 
+21500 
+ 3400 
+6000 
+5500 
- 6400 


+74900 
+74900 
+77200 
+77200 
+ 2800 
-3600 
-6000 
+2400 
-6700 
+ 6600 
-2600 
+2400 
-7400 
-70000 
+3500 
-3200 
+ 7000 
-7700 
- 400 
+2700 
-7300 
-6700 
+70400 
+4500 
+ 7600 
+ 4700 
-2400 




stresses in the dilTerenl mciuhers of the hetit fur ( i ) dead load plus inax- 
ininni snow load; (J) dead load i>lns wind loail, Case 4: (3) dead load 
plus niinimuin snow load plus wind load. Cast- 4; ami (4) a vertical 
dead load of 40 Ihs. per si|. ft. liori?:ontal projection of the roof are ^dveit 
in Table \'[. The stre.-ses which control the dcsi^fn of the nienihers 
may he seen in Table VI. Ily comparing these values with the stresses 
given in the L'ust cuhiinn the accuracy of the eniiivalenl load method can 
be seen. 


TABLE VI. 


1 Maximum Sir^saesina Bent Fbr 

Name 

of 

Rece 

DeodLpac) + 
tMax-Snow 
Load 

DeodLood + 
Wind Load 
Case A- 

DeodLoodt-Mirv 

IwwwtmdtWirKl 

Load CoEic* 4 

Load 

rf40lh?i.nprSq' 
trot Hot- Prop 

X-2 

tz»i00 

+24100 

+54500 

+ M2 00 

X-3 

fi64Q0 

+24200 

+55000 

+ 35200 

X-6 

■^£6400 

+/S460 

+£+>600 

+ tS/ffOO 

X-7 

+£5100 

+1/900 

+23600 

+50300 

X-9 

+23/00 

+ 6300 

+ /4000 

+50800 

X-13 

+28200 

-5500 

+ 4000 

+5/200 

1-2 

t24B0Q 

-15400 

-2/ 700 

-53200 

2-3 

+ 5500 

+ 5300 

+ 4600 

+ 4400 

3-4 

-5600 

- 9100 

-10900 

- 4800 

4-S 

+ 6600 

+9300 

+ 1/100 

+ 8800 

3-6 

- 5600 

-5800 

- 3000 

- 4800 

6-7 

+ 3500 

+5300 

+ 4600 

+ 4400 

3-8 

- 7200 

-10600 

- 15000 

- 9600 

7-fl 

~/oeoo 

-14460 

-18000 

-/4400 

8-9 

-/6300 

+ 5800 

t 200 

-14400 

3-12 

+ 6600 

- 4300 

-2360 

t 8800 

12-13 

-5600 

+15600 

+12400 

-4 BOO 

Y-4 

-2/500 

45/00 

-20200 

-28400 

Y-8 

-/4/00 

-2300 

- 3200 

‘14800 

Y-12 

-23/00 

+ 2600 

- 4300 

-28400 

13-13 

-24300 

- 1800 

-16/00 

-52400 

A-l 


-8300 

- 13300 


A'I3 


+2/3/M 

-2/500 


A-b 

+/4400 

+ 8200 

ti5om 

t/9200 

C-l 

t/4400 

+/i800 

+/moo 

+/9200 

AI7 

+/4400 

t/0/00 

+14900 

+/moo 

19-16 

+/4400 

" /600 

t 5200 

+ /9200 
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Graphic Calculation of Reactions. — ^Thc graphic method for 
calculating the reactions given in Fig. 56 and Fig. 57 may be proved 
as follows : In Fig. 57a the intersection of 5 IF and the center line 
of the bent is at A, Uraw A-B and A-C, lay od ^ JV so that it is 
bisected by the point A, and draw 1-2 and 3-4. Then 1-2 equals V 
and 3-4 equals V as shown in the following proof : 

Proof. — To calculate V take moments of external forces about 
Cj and 

S IV X h 
lT" 

4 times area triangle A-4-C 
_ 


Put area triangle A-4-C is also equal to — - and 

4 

„ 3-4 X L 


which proves the construction. It may be proved in like manner that 



• , I 4^; / 

. H— -H < I 

K L M 

Fig. S7a. 


TRANSVERSE BENT WITH VENTILATOR.~Thc calcu- 
lation of the wind stresses in a transverse bent with a monitor venti- 
lator is shown in Fig, 57I). The bents arc spaced 32' 0" centers and 
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are designed for a horizontal wind load nl „‘u Ihs. [ut scj, ft., the 
inal wind roof load being oblaineil by lliiHons itiriniila as .sbinv|| 
Fig. 6. 

The point of contra-fle.Kiire i.s fniiiid by .Mibhiiinting in f(,rn| 
(41) to be at a point 17.0'. The c'stenial lorees are ealeiilaual 
the bent above the ()oint of coiitra-tlexiire In miilti|ilyitig the area 
ported at the point by the inteii.sity of the wind pres-sure. bur esaip. 
the load at B is 32' X f>. 75 ' X Ihs. dd-s* lh.s. 
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and 0 ~C, and is cxiual to C'-/? (line CWi is not drawn in force polygon) 
in amount. The reactiou.s R and R' ai-e calculated by the graphic 
method as previously descrihed. 

The calculation of stresses is l)egun at point B in the w’indwar'd 
column, and in the stress diagram the stre.sses at B arc found by 
drawing the force polygon Ur-B-.-l-h-a. The remaining stresses are 
calculated as for a simple truss. In calculating the stresses in tlic 
ventilator it was assumed that diagonals cj-xo and 10-12 arc tension 
memhers, .so that g-to will not lie in action when the wind is acting as 
shown. Before solving the stres.ses at the joint 6 -y~g it was necessary 
to calculate the-istre.s.ses in memhers i-ii, lo-n, and g-h. The re- 
mainder of the .solution olTers no diflicully to one familiar with the 
principles of graphic statics. 

The stress in post h-a is etjual to R, while the .stress in i-c is found 
by extending t-r to c' in the stress diagram, c' being a point on the load 
line. The stress in (lost a-.-/ is e(iual to R', while the stress in 19— w is 
found by extending ig-w lo in' in the sires.s diagram, in' being a point on 
the horizontal line drawn througit C. The kind of stress in the different 
members is sliown by the weight of lines in the bent diagram and by 
arrows in tiie stress diagram, one arrow indicating the direction and kind 
of streiis the fir.st lime a stress i.s li.scd and two xirrows indicating the 
second time a stre.ss is used. 

TRANSVERSE BENT WITH SIDE SHEDS . — Tran.svcrse 
bents with side slieds are ((uite often used in the design of sliops and 
mills. The calculation of the stresses due to wind load in a bent of this 
tyi)e is an interesting aitplication of the author’s graphic solution of 
stresses in transverse lients. 

ft is ret|uired lo calculate the atre.s.scs due to a horizontal wind 
load of 30 Ills, iier stpiaro foot on llu'. sides and the normal component 
of 30 lbs, (Mutton's I'onmila, Fig. 6) on the roof, the hents being 
spaced 20' 0" centers, as in b'ig. 57c. The loads arc calculated, and by 
means of a force polygon in (d) and an ccinilihrium polygon in (a) 
the resultant wind IS W is found to pass through point R, and to be 
equal to 30,800 lbs. 

Calculation of Reactions.— The horizontal shear of 25,400 lbs. 
will be taken by the columns in proportion to their rigidities, in this 
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case the rigidities of the columns are assumed equal and the shear at 
the foot of each column will be 6350 lbs. The vertical reactions will 
be due to two forces: (i) a vertical load of 17,200 lbs., which will be 
taken equall}’- by the four columns, making a load of 4300 lbs. on each ; 
and (2) to a bending moment of 25,400 lbs. X 9-2 ft. —233,680 ft.-lbs. 
(the bending moment about C. G. is also equal to 30,800 lbs X 7-6 ft.), 
which will be resisted by the columns and will cause reactions varying 
as the distance from the center of gravity of the columns, (E), as in the 
case of the continuous portal. Fig. 63. 

Let v'^, v\, and represent the reactions due to moment in 
the columns, respectively; then if a is the reaction on a column at a 
units distance from the center of grayity we will have f '1 = — a 40, 
^'2 = — a 20, 7/'g = -)- a 20, and — -j- a 40. Tlie resisting moment 
of each column will be equal to the reaction multiplied by the distance 
from the center of gravity, and a 40^ -F a 20- + a 20" a 40^ = 233,- 
680 ft.-lbs. from which 0 = 58.42 lbs. and v\= — 2340 lbs.; v'2= — 
1170 lbs. ; t^'a = + 1170 lbs. = + 2340 lbs. 

Now adding the reactions due to (i) and (2) we have 

Fi = 4300 — 2340 = -j- 1 960 lbs . , 

Fj = 4300 — 1170 = 4- 3130 lbs., 

= 4300 -j- 1 170 = 4- 5470 lbs., 

= 4300 4- 2340 = 4- 6640 lbs. 

Combining the horizontal and vertical reactions we have = a -A = 
6600 lbs.; R2 = A-B = 7200 lbs.; /?a = B-C = 8400 lbs.; Ri = 
C-D =gioo lbs. These reactions close the force polygon in (d). 

Calculation of Stresses. — Auxiliary members are substituted as 
shown by the broken lines. It will be seen that these members are 
arranged so that all bending is removed from the columns and that 
the stresses in the truss members are correctly given in the stress dia- 
gram. The calculation is started at point A at the foot of the left- 
hand column as in the case of the simple transverse bent, and reac- 
tions Rn and Rg are substituted as the calculation progresses, the stress 
diagram finally closing at the base of the leeward column, point D. 
The stresses are given on the members in (a). The direct stresses in 
the columns are easily found by algebraic resolution beginning at the 
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foot of the columns where the direct stress is equal to V^, V^, and 
V^, respectively. The stresses in the leeward side of the main truss are 
very large due to the small depth of truss in line of the member 29-30. 
The stresses could be materially reduced and a considerable saving of 
material obtained by using a main truss of type (b) or (h), Fig. 88. 

Moment and Shear in Columns. — The bending moment in the 
main leeward column is shown in (b), the maximum moment is at 
the foot of the knee brace and is = 274,500 ft.-lbs. The shear dia- 
gram is shown in (c), the maximum shear is 'between the foot of the 
knee brace and the top of the column and is Sq — 45,750 lbs. 

Note. — The stresses in a bent with side sheds obtained by the pre- 
ceding method are approximate for the reason that the assumed condi- 
tions are probably never entirely realized. In the exact calculation of 
the stresses, of which the above solution is the first approximation, the 
deformation of the framework is considered in a manner similar to 
that of the two-hingcd arch in Chapter XIV. The approximate solu- 
tion is entirely adequate for all practical purposes. 



CHAPTER XII. 


Stresses in Portals. 


Introduction. — Portal bracing is frequently used for bracing the 
sides of mill buildings and open sheds. There are many forms of 
portal bracing in use, a few of the most common of which are shown in 

Eig. S8. 
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Portal bracing may be in separate panels or may be continuous. 
The columns may be hinged or fixed at the base in either case. 
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CASE I. STRESSES IN SIMPLE PORTALS; Columns 
Hinged. — The clcllcclitins (if llic cdliimiis in tlu* imrinls slunvn in Fig. 
58 are as.suincd to be etiiial and 

ii //■ -.= 4 - 

Taking niuincnts about tlie foot of the windward column 
, f . A' h 


Ilaving found the external toree>i, the :ure!»«es in tlie members 
may be found by either algebraic or grapliie mrtliocbi. 

Algebraic Solution — /‘cr/d/ (lO.- To olitain the stress in member 
G C, (a) Fig. 58, pa.ss a section cutting (! /'. /; /■’ and G C, and take 
moments of tlie external forces to the right of the .section alHiiit point P 


a.s a center. 


//A _ 


a » 

// m and (A -d) sin 0 «• cowO. KubwlUutlng 


values in (46) vve have 


S cim 0 


P Mt'C 0 


Resolving at (' and /•' we have, stress in /i I' -- o, jvnd also stresses 
B B' and H B' o. 

To obtain stress in (» D, pass section eniling U (!, K B' and G* D, 
and take moments of th'* external forces to the left g£ the section about 
point H aa a center. 

GD^ ^ . «• f f'seco ( 48 ) 

To obtain .stress in G P, pass a section cutting G' /■’, /; P and G C, 
and take moment.s of the external forces to the right of the section 
about point C as a center. 

d)A -Nit 

^ A d ( 49 ) 


AtGKBRAic Solution 


I ti 


To obtain stress in H G, pass a section cutting H G, H E' and G D, 
and take moments of the external forces to the left of the section about 
the point D as a center. 


HG = — 


Hd 

h~d 


(50) 


The stress in the windward post, A P, is zero above and V below 
the foot of the knee brace C; the stress in the leeward post is zero above 
and below the foot of the knee brace D. 

The shear in the posts is H below the foot of the knee brace, and 
above the foot of the knee brace is given by the formula 


W// 

.S = — = stress \n H G (51) 

h — d 

Tlie maximum moment in the posts occurs at the foot of the knee 
braces C and D and is 


M = HA 


(52) 


For the actual stresses, moments and shears in a portal of this 
type, sec Fig. 59. 

Portal (b ). — The stresses in portal (b) Fig. 58, are found in the 
same manner as in portal (a). The graphic solution of a similar portal 
with one more panel is given in Fig. 60, which see. It should be 
noted that all members are stressed in portals (b) and (d). 

Portal (c). — The stresses in portal (c) Fig. 58, may be obtained 
(i) by separating the portal into two separate portals with simple 
bracing, the stresses found by calculating the separate simple portals 
with a load = F being combined algebraically, to give the stresses 
in the portal; or (2) by assuming that the stresses are all taken by 
the system of bracing in which the diagonal ties are in tension. The 
latter method is the one usually employed and is the simpler. 

Maximum moment, shear, and stresses in the columns are given 
by the same formulas as in (a) Fig. 58. 

Portal ((?).— In portal (e) Pig. 58, the flanges G F and D C are 
assumed to take all the bending moment, and the lattice web bracing 
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is assumed to take all Ihc shear. The maxhmim cotupression in tha 
upper flange G P occiins at /', ami i-s 


GF 


A’(A— I //■'/ 
A <{ 


( 53 ) 


The maximum tension in tlie upper llangc G [• is 


G F 


If d 
A d 


( 54 ) 


The maximum .stres.s in the lower (laiige /> C i.s 


D C - ' ! 


HA 



(RS) 


maximum tension occurring at C, ami maKilnmu compression occurring 
at D, 

The maximum shear in the portal .strut is t', which is assumed as 
taken equally hy the lattice memhers cut hy a seetiou, as a ti. 

Maximum moment, shear, ami stresses in the columns are given 
by the same formulas as in (a) I'ig. 514, 

Por/al (/).— The maxiniinn jiioment in the jKjrtal strut / in (f) 
Fig. 58, occuns at // and G, and is 

Jtf 4' // A f' cl (s^) 


The maximum direct stre.vs in II (I is 1 U, and in I U is 


f/f,:. 


lid 
h - d 


( 57 ) 


The maximum stress in G P is given hy formula (49). 

The maximum shear in girder / F is equal to l\ The stress in C C 
i.s —I'l h-h- (^h — d) slnO — stre.ss II I). 

Portal strut I F \$ designed as a girder to take tlie maximum 
moment, shear and direct stress. 

Maximum moment, shear, and stresses in the columns are given 
by the same formulas as in (a) Fig. 58, 

Graphic Solution.“To make the wdulion of tlie stresses statically 
determinate, replace the columns in the portal with trussed framework 


Graphic So:,ution 
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as in Fig. 59. The stresses in the interior incnil)ors arc not affcctccl by 
the change and will he correctly given by graphic rcscjlntion. 



Having the calculated H, IP, V, and ¥'■, the atrcascs are calculated by 
graphic resolution as follows : Beginning at the base of the column /I, 
lay off A~4 = V = 3000 lbs. acting' downward, ami A-a II ifxxj 
lbs. acting to the right. Then a-l and 4-1 arc the stresses in members 
o-i and 4-1, respectively, heavy lines indicating compression and light 
lines tension. At joint in auxiliary triusa to right of C‘ tlic stress in i-ci 
is known and stresses in 1-2 and 2-0 are found by closing the polygon. 
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The stresses in the remaining members arc found in like manner, taking 
joints C, B, F, etc. in order, and finally checking up at the base of the 
column B. The full lines in the stress diagram represent stresses in 
the portal ; the dotted lines represent stresses in the auxiliary members 
or stresses in members due to auxiliary members, and are of no con- 
sequence. The shears and moments are shown in the diagram. 


b 



Simple Portal as a Three-Hinged Arch. — In a simple portal the 
resultant reactions and the external load R meet in a point at the mid- 
dle of the top strut, and the portal then becomes a three-hinged arch 
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(see Chapter XIII), provided tlierc is a joint at that imiiit (point /*, 
Fig-. 6o). 

In Fig. 6o the reactioiLS were calculated graphically and the .sirt^Nsi s 
in the portal were calctdated by grajdiic resohuifni. I'lil! line.s in llie 
stress diagram represent required .stres.se.s in the nieniljcr.s. Stre.s.si-s 
3-2 and 11-12 were determined by dropping vcrlicabs from point.*? 3 and 
II to the load line 4-10, 


CASE 11. STRESSES IN SIMPLE PORTALS: Columns 


Fixed. — The calculation of the stresses in a portal with coliuiins lised 
at the base is similar to the calculation of stresses in a lransver.se bent 
with columns fixed at the base. The point of contra-llexure is at the 
point 


yo 



A/ 


(. 11 ) 


measured up from the base of the cohinin. 'I’lie (loiiit of contra-llexnrc 
is usually taken at a point a distance above tiic ba8e.s of llie columns. 

<N 

The stresses in a portal with columns fixed may lie calcnlatetl by 
considering the columns hinged at the (xiint of ctmira-llcxure ami solv- 
ing as in Case i. 

Algebraic Solution. — Tn Fig. 6t we have 


//»« //' « ^ 

** 

R (A- v) 

Jliul J/" E.a BCT^— — 

s 

tlaving found the reactions // and //', V ami f’*, the stresses In 
the members arc found by taking nionienls a« in (a) b'ig. f,K, consider- 
ing the columns a.s hinged at the point of contra-flcxurc. 

The shear diagram for tlu; colnnms is a.s slutwn in (a) atul the mo- 
ment diagram as in (c) Fig. 61. 

Anchorage of Columns,— Tn order that the cohmins Ik* fixed, the 
anchorage of each column must he capable of developing u reHisting 
moment greater than the overturning moment A/ = — , ihown in 
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(c) Fig. 6l. ancluiraKf rfiiiiitn! *•» ifu- uindwarel suk b a tnax> 
Innim and may 1 h* calcnlau-tl as folUnvs: I.rt T In- ilir t«‘nsinn in the 
windward anchor IxtU, mi Iw tin* disiaiici- ciutcr tu center of anchor 


a -Rxw f 1 xw r n»4;i«Hi 
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Ite I 


cj ^ 

DtJtw of Cdumn 
(d) 


bolts, and /' be the ilircrl !«a«l on ibr e<4nmn. Taking momeritii about 
the leeward anchor IkiU vvr have 


2 r« -»(/■*•». f'jrf -f -0 


If the nuts on tlie ancfx>r li*«hs are n'*i wrmr*! down tight, there 
will be a tendency for the c«»l«(nn to r«»ii»ir aln>i»i the leeward edp of 
the base plate, and Ixmh anchor lx»hs will rr’tj.it overturning. 

The maximimt pressure on sir na%!»nry will wcur under tlw 
keward edge of the haw plate and will Iw 
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where W = direct stress in post; 

A = area of liasc of coliiinn in sq. ins. ; 

M = bending nioinent = Hcl; 
c = one-half the lengtii of the base plate; 

I = moment of inertia of the base plate about an axis at right 
angles to the direction of the wind. 

Graphic Solution.— Tlic stresses in the portal in Fig. 62 have been 
calculated by graphic rc.soIutinn. This problem is solved in the same 
manner as the simple portal with hinged columns in Fig. 59. 


b 




CASE 2 
Cotumns FlKecf 

S^^es3 Diagram 
0 1000 eooo 9000 

t-,. ,..1— — — I 


Compression 

Tension 


STRESSES IN CONTINUOUS PORTALS. — The portal 
with five bays shown in Fig. 63 will be considered. The columns will 
all be assumed alike and the deformation of the framework will be 
neglected, The shears In the columns at the base will b'e equal, and will 
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u8 


be 


n 


H 

u 


To find the vertical reacti«tns iiintr«-il at fnll.nvs: Determine the 
center oC Kravily of tlie ntliinuis by takiti^j tiiuim-nit alKUit the base o{ 
one of the cohimns. N'mv there will 1 h* teiitinii iit each one of the 
columns on the wiinlward title atul cttiiiiiri tHinit iti each one of the 
columns on the leeward shle of the ceiiier of j^nivitv itf the columns. 
The sum of the moments of the rcatiioiis tmtst lie eiinal to the moment 
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of the external wintl load, A*. The reacliorei at the liases of the columns 
will vary as the distance from the ceiiirr of jjiaviiy :nid their moments 
will vary as the .square ot the distance from the center of gravity. Now, 
if a equals tlie reaction of a coinmn at a units distattce from the center 
of gravity, we will have P\ ss a == a il^, Fg ss — a 

+ a d^, F, rs 4 - (I t/g, and f '« 3 | « d* 
and the moment 

M = a W -4- d/ I d { d/ + d,^) r:. R h 


a 


S d’ 


0 


R h 

Rh 

Srf* 


( 59 ) 


Having found a, the vertical rrartions tnay be fouml. 

Now having (omul the cHlmial forces // anti V, the strewes can 
be calculated by either algebraic or grajiltie nietlitHb. 

Stresses in a Double Portal,- To itliwirate the general problem 
tlw stresses in a tloublc portal are calculated by graphic reiolution in 
Fig. 64. In tl)i.s case 



Douiilk Por'xai, 


//=,//==// r=, 


1000 lbs. 


= 22S0 IbH. 


The vertical reaction of tlie middle column is zero. T!y siihstitiit- 
ing the dotted members as shn\\’ii, the stresses can he eakuiltiled ns in the 

case of the simple portal. The full lines represent stresses in the portal 

I f A 

members. The shear iit the columns is cciual and is 11 below, and , , 

above the foot of the knee brace. 
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CASE I 
Columns Hinged 

Stress Diagram 

0 1000 2000 3000 


Compression 

Tension 
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Fio. 64, 

The maximum bending moment occurs at the foot of tlie km- 
brace and is 

M ss II d = tt) 2 ,ooa iiicli"Ibs. 
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STRiiSSKS IN TiiKtii;-niX(;w» Ahcii, 

Introduction .—An arch is a striiclurc in vvliiclj llic reactions are 
Inclined for vertical lomla. Arches arc divicleci, accorditifj to tlie num- 
ber of liingea, into ihrcc-hinged arches, twu hingeil arches, nne-hinged 
arclies, and arclies witliout hinges or cnniitnioiis arches, Threc-hingccl 
arclies arc in common use for exisisition hiiihlings, traitt slieds and other 
similar structures. Twtv-hingcd arches are rarely uhcU in this anintry ; 
continuous arches are used only in dome construction. 

A three-hinged arch Is nmtie up of two simple licama or trusses, 
Trussed three-hinged arches, only, will Iw cottsisiered in tills chapter, 
and trussed two-liinged arches in tlie next. 

CALCULATION OF STRESSES.— The reactions forathree- 
hlngcd arch can be catcuUited by means of simitle statics with .slightly 
more work than that necessary lo obtain the reactions in .simple trusses, 
Having determined tlie reactions the stresses nay Ik? calculated by the 
ordinary algebraic and graphic rncthmls used iti the solution of the 
stresses in simple roof trusses. 

Calculation of Reactions : Algebraic Method.— I.et //and F, 
IP and V* be the horizontal and vertical reactions at the left and right 
supports for a concentrated load placed at a ilbtance a* from the 
center hinge C in the three-hitiged arch in I'ig. fi5. 

From the three fundamental I'fpmtions of equilihrinm 

“Sliorizontal conifionents of farces o fa' 

S vertical components of forces = < 


imi 


CaIvCUI,ATION Olf reactions 



we have H ^ //‘ 

and V + ™ P 

Talcing moments about D, wc liavc 

Fj — 'h.r) -O (t.O) 

and talcing moments about center hinge C, wc have 

y.^ — //A~~Px-»Q (lil) 

Solving (6o) wc have 

y 6W "h 0'“) 

and mv p~^ y ( 

Substitudng (6i) in (62), we have 

//^ //^ ^ ^ x'^ ((, 1 ) 

The horizontal reactions at the crown are the same as at the RUp- 
ports. Reactions for an inclined load may he foinul by substituting the 
proper moment arms, 

Calculation of Reactions ; Graphic Method.— T/Ct P, Rig. 66, be 
the resultant of all the loads on the left segment. Since there Is no 
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bending nKiinenl :il binge ibe bin- i-i .uli<>n ..t the reaciinn /v', must 
pass tlirougli tile binge al ibe eft<\vn. 't'bis iletetiuines the direciiim of 
reaction R.^, ami since the llivee external fttrees A’,. and P [sroduce 
etiuilibriuni in llu* Htrm'iure they must meet in a i«.int. Tlierefore to 
find tlic direction of A’, itrodiicc II C to d anil join d and J. 



The values of A.\ and R^ may then be obtained from the force poly« 

gon. 

Tlte reactions clue to loads on llie right Hegmenl may lie found in 
the same manner. The two oiieraiions may U- combined in one as il- 
lustrated in tile solution of the dead li«id stresses itt a three-hinged arch, 
Fig. 67. 

Calculation of Dead Load StreaseB.—To iiml the reactions for 
the dead load.s in Fig. ^17, the loads are laid off on the load line of the 
force polygon in order, liegimiittg .at the left re;|,etintt tmd two equi- 
librium iiolygons, one for each •.egmeiil, are drawn lifting the satnc 
force polygon. The vertical reactions at the crown, , atid at abut- 
iiietits, /•„ and /’g, are found by drawing a line tliroiigli pole 0 of the 
force polygon parallel in the closing lines of llie ef|uililirimn tiolygons. 
The load at the crown causes reactions atid A*j*, and combining 
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reactions Ri^ and at A, and A’/ and at Bj we have the true 
rcactioiivS K, and K^, 


pa 

r 


m 
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Stress Dtagram Force Polygon 


Having obtained the reactions, tljc stresses in the members are 
found in the same maimer as in simple, trusses. In I'ig. 67 the stresses 
in the left segment are calculated by graphic resolution. The diagram 
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and equilibriuni polvfrnns. 'I'lu* lim-s oi ai-tinn of t\ atid I\ are par- 
allel lo each otlier and to llie resiillaiil N. The line of action of the 
right reaction, A’,, imist pass through tin* fciiter hinge t‘. and the reac- 
tion P ^ will he replaced liy two reactions h'.^ and A’,' parallel to Aj‘ 
and A/ in the arch respectively, ami the force triangle will Ik- closed 
hy drawing A', in the force polygon. 'I'lie intersection of force K and 
rcaction.s A’t and A’a falls outside the limit of the cliagrani. 

Having rihtaincd tlie reactions, the stresses in the ineinhers are 
cakidatccl in the same manner as in a simple truss. 

The wind load .stre.s.ses must he eah'iilated in holli the windward 
and leeward .segments. Tlie wiiul loail stress diagram for the wind- 
ward segment is shown in h'ig. (iH, and for the leeward segment in I'ig. 
ftp, compressioti being intlicated in the stress diagrams In heavy lines 
and ten.sioM hy light lines. Itoth wind load stress tliagr.ims anti the ilead 
load .stress dinp:ram are usually eotistriieteil for the same segment of the 
arch, liy cotnpariug wind load .stress diagrams iu h'ig. ftH and log. (kj, 
it will he seen that there are many reversals in stress, 'I'lie masimum 
stresses found hy coinhiiilng the ilead, snow and wind loatl stresses as 
in the ea.se of simple trusses ami transverse bents, are used ‘ii ilesigning 
the. members. 



CHAPTER XIV. 

Stresses in' Tvvo-iiinged Arch. 

Introduction.— A two-hingcd arch is a frame-work or beam with 
hinged ends which has inclined reactions for vertical loads. The bot- 
tom chords of two-hingcd arches are usually cambered, however, a 
simple truss becomes a two-hinged arch if the ends are fixed to the 
abutments so that deformation in the direction of the length of the 
truss is prevented. 

The horizontal components of the reactions may be supplied either 
by the abutments or by a tic connecting the hinges. In the latter case 
the deformation of the tie must be considered in determining the hori- 
zontal reactions. Two-liinged arches are statically indeterminate struc- 
tures and their design is subject to the same uncertainties as continuous 
and swing bridges. 

Two-hingecl roof arches are rigid and economical, but have been 
used to a very limited extent on account of the difficulties experienced 
in their design. The methods outlined in this chapter are quite simple 
in principle, although they necessarily require quite extended calcula- 
tions. Two-hinged roof arches -with open framework, only, will be 
considered in this chapter. 

CALCULATION OF STRESSES. — The vertical reactions in a 
two-hinged arch are the same as in a simple truss or a three-hinged arch 
having the same loads and span. The horizontal reactions, however, de- 
pend upon the deformation of the framework and cannot be determined 
by simple statics alone. Before the deformations can be calculated, the 
sizes of the members must be known, and conversely, before the sizes 
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of the members can be calculaletl, the stresses wbieli ile^ieitd upon the 
deformations must be known. Any tnelbod for the calculation of the 
.slrcs.scs in a Ivvo-biiiffcd arch is, therefore, necessarily a nteihocl of 
•snccc.s.sivc approximations. With a skilled computer, however, it is 
rarely necessary to make more than two or three trials before, obtain- 
ing satisfactory re.sults in designing nstf arches. Two hinged bridge 
arches require soniewhnt more work to design than roof arches on 
account of the greater number of conditions for niaxitniim stres.ses in 
the members. 

Having determined tlic correct value of the horizontal thrust, II, 
the stresses in a two-hinged arch may Ik* caleiikated by the ordinary 
algebraic or graphic methods usetl in the so!iilioi\ of the .stresses in 
simple trusses. 

Calculation of the ReactlonB.— 'In h’ig. “o the vertical reactions, 
Fi and V^, arc the same as for a simple truss. 'I'he liorizoiual reactions, 
H, will be equal ami will he the forces which would j ire vent change in 
length of span if the end.s of the arch were free In move. The horizon- 
tal thrust, II, will therefore he the force which, ajiplicil at the roller end 
of a simple truss, will prevent deformation ami make the truss a iwo- 
hingecl arch. 

An expression for II may he tlelermined as follows: In Fig, 70 
assume that all members are rigid except tlic mernher i-y, which is 
increased In lenglli 8, under the action of the external load, IF. Tlie 
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movement of the truss A' at the hinfi;e //„ will then he due to the 
change in length, S, of the menil)er i-y. 

Ret be the horizontal reaction neccssarj' to hring /,*(, hack to 
its original ix)silion, and let U /d be the stress in the member i~y due 
to the horizontal thrust /).’•. Now the internal work, Jj s 1-, in short- 
ening the member to its original length will he etjual lo the external 
work, J/> /).' A', required to bring the hinge back to its original 
position, 

/d A' ~ }i a U 

and A' >=> s U (IS) 

but 5 M where P is the unit stress in the inemher i-;y due to the 

external load [V, L is the length of the member i-y, and P, is the mod- 
ulus of elasticity of the material of which the niemher is composed. 
Substituting this value of 8 in (fjs) we have 


A' 


Pl/L 

~itr 


( 6(0 


where U is the stress in i-y due to a load ,« unity at 

Now if each one of the remaining members of the arcli is assumed 
to be distorted in turn, the others meanwliile remaining rigid, tlie dis" 
tortion in eacli ease at will be represented by the general equation 
(66) and the total deformation, a , at R’o will be 


A ss 


P UL 


(W) 


Let P‘ /d be tlic unit stress in the member l-yi due to a horizontal 
thrust 1%'-, then by the same reasoning 


but 


and 


A' S U 
P‘ /d L 


a zem 

A ’ rv 


~~ ir ~ 

P‘ VP 
— ^ — 


(6«a) 


and the total deformation, A, will he 
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A = S 


UL 


IPS, 


/>» l/L 


( 68 ) 


Now for equilibrium, the values of a as given in equations (67) 
and (68) must be equal, and we have, after solving for H 



P UL 
E 

P>- UL 


E 


(69) 


which is an expression for computing the hori2ontal thrust in any two- 
hinged arch due to external loads. This formula holds for any system 
of loading as long as F is the unit stress due to that loading’, U is the 
stress in the member and is the unit stress in the member due to a 
unit load acting at the point at which the deformation is desired, and 
parallel to the direction in which the deformation is to be measured. 

The method of finding the correct value of the horizontal reaction, 
K, is as follows: (i) calculate the stresses in the arch for the given 
loading on the assumption that it is a simple truss with one end sup- 
ported on frictionless rollers ; (2) calculate the stresses in the arch for 
an assumed horizontal reaction, say, 20000 lbs. on the assumption 

that it Is a simple truss on frictionless rollers; (3) calculate the defor- 
mation, A, of the free end of the truss for the given loads by means 
of formula ( 67 ) ; ( 4 ) calculate the deformation. A' of the free end of 
the truss for the assumed horizontal reaction FP — 20000 lbs. by means 
of formula (68). The true value of H is then by formula (69) given 
by the proportion 

H\ v. A' 


H'- K 20000 A (70) 

“ A' ~ A' 

The calculation of the horizontal reaction, H, and the stresses can 
be made by algebraic methods alone or by a combination of graphic 
and algebraic methods. The first requires less work, while the second 
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is probably easier to underslaiul. Tire algebraic soliuion will be given 
first. 

Algebraic Calculation of Reactions. — In Table VI t the vaUies 
of the unit stress, P, in each nieinhcr due to ilie external loads are given 
P I 

in column fi ; values of ~ are. given in column 6; values of the .slres.s 
t/, in each member due to a unit horizontal thrust are given in ctilimm 
8; and values of are giveti in coltitnn y. The algehraic sum of 

the quantities in column y gives the total deformatiem, A ; .956 
indies at the point whore the unit horizontal thrust was aiqilicd mea.s- 
ured parallel to the line of action of tlie thrust. 


TABLE Vri. 


Simple Truss with Vertical Loads 


1 

Member 

2 

Area 

Sqln' 

3 

Length, L 
Inches 

4 

Stress 

lbs. 

3 

UnitStress 
P lbs. 

6 

7 

No- of 
Mem- 

8 

u 

9 

FTJL 

l-X 

3-3 

232 


4 //320 

4-095 

9 

-090 

-086 

2-X 

53 

192 

i fl 101 m 

4 7740 

4-050 

6 

-080 

-■040 

4-X 

33 

/SO' 


4/2630 

4-076 

/ 

-/45 

-HO 

e'-x 

33 

/92 


4 7 740 

4-030 

12 

-a-do 

-■040 

r-x 

33 

232 

feoooo 

4//320 

4093 

/3 

•oso 

- 086 

l-Y 

33 

2/6 

-23000 


-054 

a 

4/- 60 

- -054 

3'Y 

33 

/92 


-/0760 

-069 

4 

4205 

-■14/ 

3W 

33 

/92 

-37OQ0 

-/0760 

-069 

/O 

4205 

-•141 

I'-Y 

53 

2/6 

wSim 

- 4720 

-054 

/4 

4/60 

-034 

1-2 

, 2’0 

/SO 


-/sooo 

-073 

7 

4073 

-■(mi 

2-3 

4'0 

204 

/■32000 

4 8000 

4-0.54 

. 3 

-043 

•-024 

3-4 

4-0, 

/30 



-028 

2 

4080 

-022 

3-4 

40 

/30 

-22000 

- 3500 

-02a 

5 

4080 

- 022 

2^3' 

40 

204 

432000 


4-054 

// 

-0-43 

-024 

l'~£' 

2-0 

/30 

-30000 


-073 

/3 

40/5 

—036 



Total Deformation 
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In Table VIII similar values arc given for the arch as a truB^ 
with an assumed horizontal reaction of //' ^’txxKi Ihs. The algt’braic 
sum of the quantities in colunin y gives the total tlefonuation, A' = 
. 574 inches at the point where the; horizontal thrust was ai)[(lied. 
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The correct value of 11 is given hy the proportion 
IJ : //I :: A : A' 

20000 X .050 

BK r=! 33i|0() U)9. 

In Table IX the clcfonnation, a, for the same arch considcrcil as 
a simple truss and acted upon hy dead and wind loads is i . 357 inches, 
and 

„ 20000X 1.357 

// 5=a na 4/300 Iba. 


Graphic Calculation of Reactions. — In the graphic .SDlulion of 
the horizontal reaction.s the total amount of the deformations, A and A 
arc found hy moans of deformation diagrams. Uefore con- 
structing the deformation diagrams the (iuantilie.s in llie first 
seven columns in Tables VII and VIII or VIII and IX mu.st bo 


Cf 10' JO' JO' 


fOBOO 40000 


\A 


Simple Truss 


Veriicol Loads 
(o) 


Dead Load Stress Di(X)ron\ n 
Simple Truss 
(W 




.H»JO0SCIbS. 


H-gOOOO lbs 
tr.l 


Stress Dicxiram , H-dcmolbai 
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calculated. The stresses given in column 4 are calculated as shown 
in Fig. 71. Column 6 , giving deformations of each member, and col- 
umn 7, giving the order in which these deformations are used, are, how- 
ever, the only values used in constructing the deformation diagrams. 

Deformation Diagram . — The principle upon which the construc- 
tion of the deformation diagram is based is as follows : Take the two 
members a-c and c-b in {d) Fig. 72, meeting at the point c. Assume 
that a-c is shortened and b-c is lengthened the amounts indicated. It 
is required to find the new position, c', of the point c. With center at a 
and a radius equal to the new length of a-c = a-c', describe an arc. 
The new position of c must be some place on this arc. Then with a 
center at b and a radius equal to the new length of b-c = b-c', describe 
an arc cutting the first arc in c'. The new position of c must be some 
place on tliis arc and will therefore be at the intersection of the two 
arcs, c'. Since the deformations of the members are always very small 
as compared with tlie lengths of the members, the arcs may be replaced 
by perpendiculars, and the members themselves need not be drawn, (e) 
Fig. 72. 

To draw the deformation diagram, (b) Fig. 72, for the arch 
as a truss with one end on frictionless rollers and loaded with vertical 
loads, proceed as follows: Begin with the member marked i, lay off its 
deformation — .076 inches (Table VII., column 6) to scale and 

parallel to member i. Now lay off the deformation of 2 = — .028 
inches away, from the joint and parallel to the member 2, and lay 
off deformation of 3 = — .028 inches, away from the joint U'^ and 
parallel to the member 3. Perpendiculars erected at the ends of de- 
formations 2 and 3 will meet in the new position of Ao. The vertical 
distance between the deformation i and point represents to scale the 
change in position of L, relative to the member At in the 

deformation diagram lay off deformation of 4 = — .069 inches, away 
from the joint and parallel to the member 4, and at U„ lay off deforma- 
tion of 5 = -f .054 inches, toward the joint and parallel to the member 
5. The perpendiculars erected at the ends of the deformations 4 and 5 
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determine the new position of joint relative to the other points. In 
like manner perpendiculars erected at the ends of deformations, 6 and 
7 determine C/j, and finally perpendiculars erected at the ends of 
deformations 8 and 9 determine Do- The deformation diagram for the 
right half of the truss is constructed in the same manner. The horizon- 
tal line joining and represents to scale the movement of the 
joint 

In drav'ing the deformation diagram it is immaterial whether plus 
deformations arc laid off toward the joints and minus deformations 
away from the joints as was done in the preceding problem, or the 
reverse. The former method is more common, but the latter is prob- 
ably more consistent. The deformation diagram (&) if drawn in the 
latter way would be turned upside down and inside out. 

Calculation of Dead Load Stresses in Arch. — In Fig. 71, (6) 
is the stress diagram for the arch as a simple truss with vertical loads 
as shown in (a) ; and (d) is the stress diagram for the arch as a simple 
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truss with a horizontal thrust, of 20000 lbs. as shown in (c). The 
quantities for calculating the deformations of the simple truss with 
vertical loads are given in Table VII, and the deformation diagram 
is shown in (&) Tig. 72. The quantities for calculating the deforma- 
tions of the simple truss with a horizontal thrust of 20000 lbs. are given 
in Table VIII, and the deformation diagram is shown in (c) Fig. 72. 
The true value of H is found by the proportion 

H : 20000 : : .956 : .574 
H — 33400 lbs. 

The stress diagram for the two-hinged arch with V = V' = 42000 
lbs., and H = H =: 33400 lbs. is shown in (b) Fig. 73. 

The difference in the stresses in the members of a simple truss 
and a two-hinged arch may be seen by comparing stress diagram (&) 
Fig. 71, and stress diagram (b) Fig. 73, both diagrams being drawn 




Stress Diagram 
Two Hinged Arch 
(b) 

Fig. 73. 

to the same scale. The stresses in the arch may be found from the 
stresses given in Tables VII and VIII by adding the stresses in column 
4, Table VIl, to the corresponding stresses in column 4, 
Table VIII, multiplied by 1.67, the ratio between the actual and as- 
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.suniccl horizontal reactions. For example, the stress in i-.t' in the arch 
equals -|“ 60000 — 18000 x 1.67 = 29800 lbs. Stress in 1-3; equals 

■ — 25000 " 1 - 32000 X 1 .67 = + 28440 lbs. 

Dead and Wind Load Stresses in Arch. — In Fig. 74, (b) is the 
stress diagram for the arch as a simple truss loaded with dead and wind 
loads as shown in (a). Table IX gives the same data for this case as 



are given in Table VII for the simple truss with vertical loads. The 
deformation diagram for the deformations given in column 6, Table 
IX, is shown in (b) Fig. 75 - In drawing the deformation diagmm for 
this case the member marked i was assumed to be fixed m position and 
the other members were assumed free to move. The horizontal dis- 
tance between Lo and L'„ will be the total deformation required. 
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Simple Truss 
H -20000 lbs. 

Fig. 75. 

The deformation diagram for the simple truss with a horizontal 
thrust, of 20000 lbs. is given in (c) Fig. 75 and is the same as that 
given in (c) Fig. 72. 

The true value of H is found by the proportion 
H : 20000 : : 1.357 : -574 
H = 47300 lbs. 

The stress diagram for the two-hinged arch with dead and wind 
loads and a horizontal thrust, H, of 47300 lbs. is given in (b) Fig. 76. 
The stresses in the arch for this case may be found from the stresses 
in Tables IX and VIII by adding the stresses in column 4, Table IX, 
to the corresponding stresses in column 4, Table VIII, multiplied by 
2.865, the ratio between the actual and assumed horizontal reactions. 
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As a check on llie accuracy o£ the calculations the movement at 
in the. arch was calciiluled in Table X and was found to be zero as it 
ahould be. 

Arch With Horizontal Tie. — If a horizontal tie is used the 
final deforntation of tlie arcii will he equal to the deformation of the tie. 

TABLE X. 


Two Hinged Arch with Dead and Wind Loads 


1 

Member 

2 

Area 

Sq-in- 

3 

Length, L 
inches 

4' 

Stress 

lbs- 

0 

UnltStress 
P lbs. 

6 

EL 

E 

8 

u 

9 

PUL 

E . 

1-X 

3-3 

SSZ 

■MSSOO 

+ 6220 

+069 

-0.90 

-.063 

2-X 

S3 

/92 

+34200 

+ 6450 

+04! 

-0.60 

-.033 

4-X 

S3 

mo 

+26500 

+5000 

+.030 

-1-45 

-.045 

2-X 

I'-X 

S3 

t9Z 

+14200 

+2660 

+0/7 

-0-80 

-.0/4 

S-3 

zsz 

+29500 

+3550 

+.047 

-0.90 

--042 

l"Y 

S3 

2/6 

+16000 

+3400 

+.024 

+ 1-60 

+.038 

3rY 

3-Y 

l-Y 

S3 

192 

+/0000 

+1890 , 

+■0/2 

+2-05 

+.025 

S3 

I9Z 

+25000 

+4350^ 

+.028 

+205 

+.057 

S3 

2/6 

+46000 

+ 6700 

+.062 

+/-60 

+.099 

1-2 

2‘0 

ISO 


- 250 

BSWl 

+0.75 

mlm 

2-3 

4-0 

204 

+ 6500 

+ 1625 

+.011 

-0-45 


3 “4 
3'-4 

40 

ISO 

+/5600 

+3950 

+.020 

+0-80 

+.0/6 

40 

/SO 


-1050 


+0-80 

mm 

2-3' 

I -2’ 

40 

204 

IPBShB3 

+5700 

+.039 

-0.45 


Z-Q 

/SO 

Total 


-2500 

nation 

\-.OI3 
= 2 £ 

+0.75 
^ = 
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Assume that the joints and in (a) Fig. 73 are connected by 
a tie having 3 sq. in. cross-section. A force of 1000 lbs. will stretcli 
the tie 


1000 X 720' 
3X29,000,000 


= .0083 inches. 


The movement for 1000 lbs. applied as H is equal to = .0287 

inches. The value of H therefore which will produce equilibrium for 
the arch with vertical loads will be 


.0083 H -j- .0287 H = .956 X 1000 lbs. 


rr_ .956 X 1000 
.0370 


= 25840 lbs. 


The stresses in the arch for this case may be found from the stresses 
in Table VII and Table VIII as previously described. 

Temperature Stresses. — Where a horizontal tie is used and all 
parts of the structure are exposed to the same conditions and range of 
temperature, the entire arch will contract and expand freely and tem- 
perature stresses will not enter into the calculations. Where the tie is 
protected and where rigid abutments are used the temperature stresses 
must receive careful attention. 

The deformation due to a uniform change of temperature of t 
degrees Fahr. when the arch is assumed to be a truss supported on 
frictionless rollers, will be etL, where e is the coefficient of expansion 
of steel per degree Fahr. = .00000665; t equals change in temperature 
in degrees Fahr.; and L equals the length of the span. 

For a change of 75 degrees Fahr. from the mean, the deformation 
will be 


A' = dh .00000665 X 75 i 
L 
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For the arch in Fipf. 73 

“ “2(K)U ^ ^ inches 

Tins will he etinivalent to a change in II of x 20000 = 4- 

.574 

IJ540 Ihs. Tin- .stresses due to temperature in the two-hinged arch 
will be ecpial to the strc.sses in column 4, Table VIII, multiplied by ± 
.627. The ma.xiimmi stre.s.ses due to external loads and temperature 
will be found by adding algebraically the temperature stresses to the 
stresses due to the external loads. If the arch is not erected at a mean 
temperature this fact must be taken into account in setting the pedestals. 

Design of Two-Hinged Arch.— Tn designing a two-hinged roof 
arch proceed as follows: (1) With one end free to move, calculate 
the stresses in the arch as a simple truss; (2) with an assumed horizon- 
tal reaction, //', of, say, aoexjo Ihs., calculate the stresses in the arch as 
a simple truss; (3) calculate the atre.sscs in the arch for some assumed 
value of II, this viilue of II may be guc8.sed at or often may be estimated 
with considerable accuracy; (4) design the members for approximate 
stresses in liie arch ; (5) calculate the deformation of the arch as a truss 
for the approximate sections and stresses ; (6) calculate the deforma- 
tion of the arch as a truss for an assumed horizontal reaction of 20000 
Ih.s, ; (7) determine a more accurate value of H from the deformations 
as previously described ; (8) recalculate the stresses in the arch, re- 
design the members, recalculate the deformations, recalculate a new 
value of II, etc., until satisfactory sections arc obtained. The second 
approximation is usuaiiy sufficient. Corrections for horizontal tie and 
temperature should be applied in making the approximations. The 
gross area of tite sections of all members should be used in determining 
the deformation of tlie members. If riveted tension members are much 
weakened, a somewhat smaller value of B, say, 26,000,000, may be 
used than the 29,000,000 commonly used for the compression members. 

The, method just de.scrlbcd is much more expeditious than the 
usual method of designing the members for the stresses found by con- 
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sidering the arch a simple truss with allowable stresses, say, twice 
those to be finally allowed. In the latter case the first approximation is 
usually worthless on account of the reversal of stresses in the members 
Avhich have been designed as tension members. If the value of H in the 
first method is taken large enough to malce members in compression 
that the designer’s judgment or experience says should be in compres- 
sion, the second approximation is usually final. 


CHAPTER XV. 


Combined and Eccijntric Strisses. 

Combined Direct and Cross Bending Stresses. — Thus 
far members of trusses and frameworks liave been considered as 
acted on by direct forces, parallel to the axis of the member. While 
this is the more common case, it often becomes necessary to design 
members which support loads as in (a), (b), (c), or (d). Fig. 77, or in 
which the line of action of tha external force does not coincide with the 
neutral axis of the member, (e). (f), (g), or (h), Fig. 77. 

j4 / ^ I 
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Fig. 77. 
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Tlie following nomenclature will be used: 

Let P — total direct loading on member in pounds ; 

I = length of member in inches ; 

L — length of member in feet; 

I = moment of inertia of member; 

= distance from neutral axis to remote fibre on side for 
which stress is desired; 

B zr: modulus of elasticity of the material; 
e — eccentricity of P, i.e. distance from line of action of 
P to neutral axis of member in inches ; 

V = deflection of member in inches; 

A = area of member in square inches ; 

= fibre stress due to cross bending; 

P 

/j = — = direct fibre stress ; 

M = total bending moment; 

= bending moment due to deflection, = P v; 

= bending moment due to external forces and is equal to 
^ JV lin (a) and (b) -.y^wP in (c) and (d) ; and P e 
(e), (f), (g) and (h) Fig. 77. 

Now M=M^±Af,=Pv±M,=-^- (72) 

yi 

But 

cEy^ 

in which c is a constant depending upon the condition of the ends, and 
the manner in which the beam is loaded. 

Substituting this value of v m (72) we have 


c£y^ * 


M 

^ J'l 
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and reducing, tho stress due to cross bending is 


A 




PP 
"c E 


(73) 


where tlio minus sign is to be used when P is compression and the plus 
sign is to be used when P is tension. 

Tlic factor c may be taken equal to 10 for columns, beams and bars 
witli hinged ends as in Fig. 77; equal to 24 where one end is hinged 

and the other end is fixed ; and equal to 32 where both ends are fixed. 

, I; . r . • .. 

The total stress inAthe member due to direct stress and cross bend- 
ing will therefore be for columns with hinged ends 


•fit 1 


M^y^ 




P P 
10 lE 


_P 

A 


(74) 


Formula (74) is general, and applies to all forms of sections and 
all forms of kiading. The second term in the denominator is minus 
when P is conqircssinn, and plus when P is tension. 

Tn finding the stress due to weight of member and direct loading, 
the value for given by formula <73) must be multiplied by the sine 
of the angle that the member makes with a vertical line. 

Combined Compression and Cross Bending. — The method of 
calculating direct and cross bending stresses will be illustrated by cal- 
culating the stresses in the end post of a bridge due to direct compres- 
sion, weight, eccentricity of loading, and wind moment. 

The end post is composed of two lo-inch channels weighing 15 
lbs. per foot with a 14" x Kt" pl^te riveted on the upper side and laced 
on the lower side with single lacing. The pins are placed 
in the center of the channels giving an eccentricity of e = 1.44 inches. 
The conipre-ssive stress P produces a uniform compression on all fibres 
of tlie section -.weight of the member causes tension on the lower and com- 
pression on the upper fibres ; eccentricity of the load P causes compres- 
sion on lower and tension on upper fibres ; and wind moment causes com- 
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Combined and Eccentric Stresses 





,-Pt.l4’xi' .-2-lo'S <^/5* 


f IB 5 

i) d ^-c- 

'^r,4±r±j!-^--A 

f ‘ X 

i !b 


/ - JJ3 ini. 

(b) ' 


Area I4"xi"pi. = 3,50 sq.fn. 
»'-E-<0"B@I5''* = B.92 ” " 

Total Area =1242 " '■ 


~~iZ42 ■ = 

Eccenrricify.e = 6 . 44 - 5.00 = 1 . 44 ” 


Moment of Inertia, Ia. about A-A 

Let Is =I of E about axis l-i = 133 . 3 . 
IpUlofR-abouraxis 2-2 = ,02 

AE=Areoofi = 392 sq-in. 
Apt-Area of R.=3.50 sq. in- 
nenlA-lB tAge^f Ipi, tApi.d^ 
=133,3 fS■9^xOA4)‘w^ +3.5 f3.6S5 A 
‘199.6 

Radius of gyration, r^=l/ig|- = 4_0.. 


Moment of Inertia, I b, about B-B 
LetI@=lofEabour axis . 5-3 = 4,6 
Ipi.=J of R-about axis B-B = 57.' 1 7 
AB=Area of 3 = 8-92 sq-in. 

Tu ^P''A'"eQ of R.. 5.50 sq in- 
menrB=Is +As( 4 , 25 -t, 64 j’+ Ip|. 
•=4-6+g.S2(4,39)«+ 57.17 
= 273.0 

Radius Of gyration , " 


ml-ptSS-S'”?’ : 

Details ond Lacing-26o|_^ , 

Bending Moment doe to weiqS of ^ 

Stressor to .eight, f,= =^WIsine 

I — £L- T PI z 

c /OE ^ ' 

Stress due to weight in upper fibre 

f^_ j x 1565 X 358 X.633 X A-SI 


f' 6 44 . 

=-1660 lbs ftenslon) 



Steijss Due to Eccentric Eoading 


H7 


Stress Due To Eccentric Loading 

The stress in the extreme fibre due to eccentric loadinq will be 

PeYi 


1 - 


Elf 

lOE 


Eccentric stress In upper fibre 

, 93300 XMAXa.ai 

IQQA 93300X358* =“3347 |b5.(tension) 

i»=-8"ioxEa 000000 
Eccentric stress In lower fibre 

fi= §4^x3347” + 5657 Ibs- (compression) 

3*0 I 

The resultant stress due to eccentric loading and weight will be 
fi ” fe+fw 

■ -3347+1I00 --2247 Ibs-itt Upper fibre. 

”4 5637-1860 -tstst Ibs. in lower fibre. 

The maximum stress inthe member due to direct loadinq, weight 
of member and eccentric loading will occur in the lower fibre and 
will be fi+fi-ftfe + fw 

- 4 3797 =411470 Ibs 

To determine the position of the pin so that stress due to weight 
will neutralize stress due to eccentric loading make 

Pe'-^WIsine , where e'isthe distance ot the pin 

oelow the neutral axis. 

Substituting and solving , 953 ooxe'” s(i3a5x358x.653) 

e'”.48”' 


Stress DueTo Wind Moment 


R a 6400 

.9 I 


H'«520' 


U-aa)8-4' -H 




H-saqo 


-l b 

O M 

^ X 

II I 

V 1 
I I 


V'« 12900 ^Tv-IZSOO 

Portal, Columns Hinged. 

(a) 



a=8" 


Portal.Columns nxed. Windward Pedestal, 
(b) 
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Before calculating the stress due To wind moment, it will be necessary to de- 
termine. whether the end post is fixed or hinged • 

If the end post is fixed.the negative momenT developed at the lower pin 
will be M= _ s goo^xzze =^i6oo in lbs. 

In order to obtain this condition of fixidity.the stress in the member must 
develop a resisting moment eguol in amount. 

Therefore The post may be considered fixed If 
^95500 -V i r. > H^d 

( 95300-65^ ^ g ^ 361600 

but 3-47120 < 361600 and the end post Will not be fixed- 
(While this is the usual solution ,ihe resisting moment certainly reduces the 
bending moment ond the bending stress is less Than computed below-) 
The maximum moment will then occur at the toot of The portal knee 
brace ond will be M =3200 X226 = 723200 in lbs- 

Stress due to wind moment is a maximum i n the I eeward post and 1 3 
f _ 723200-X7 

%. PL* (9530Qtl2500)35a * 

106 IQ X 28000000 

fw = t22480 lbs. 

Stress, fw, is compression on the wind word side ond tension on the lee- 
ward side of the member. 


pression on the windward and tension on the leeward fibres. The 
maximum fibre stress will come at the foot of the knee brace either on 
the upper or lower fibres on the windward side of the post, depending 
upon whether the stress due .to weight is greater than the stress due 
to eccentric loading, or the reverse. In this case the maximum stress 
comes on the lower fibres of the windward side of the post. 

Combined Tension and Cross Bending. — The stress due to 
cross bending when the member is also subjected to direct tension is 
given by the formula 


/, = 




/+ 


Te 


C 75 ) 


the nomenclature being the same as in (74). The constant c is taken 
equal to 10 where the ends are hinged. 
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Stress in Bars Due to Weight 

Stress in a Bar Due to its Own Weight; 

Let b ~ breadth of bar in inches; 
h = depth of bar in inches; 
w r= weight of bar per lineal inch = 0.28 b h'] 

p 

fi = -rr-T- = direct unit stress. 
b h 

We will also have 
yi = y2 h; 

= Ys w P; 

P = f,b h. 

Substituting in (75) we have 


A 


1 ,2 


b)? , f^bhl^ 


+ • 


12 '10 X 28,000,000 

4,900.000 h 


(76) 


/a + 23,000,000 (J)’ 

where /i is the extreme fibre stress in the bar due to weight, and is 
tension in lower fibre and compression in upper fibre. 

If the bar is inclined, the stress obtained by formula ’(76) must be 
multiplied by the sine of the angle that the bar makes with a vertical 
line. 

formula (76) is much more convenient for actual use than for- 
mula (75). 

Diagram for Stress in Bars Due to Their Own Weight. — Tak- 
ing the reciprocal of (76) we have 

^ 23,000,000 (~y 

h 




and 


4,900,000 h ' 4.900,000 h 

= yi + y* 


( 77 ) 


I. Yi in Tens of Thoosondths (0,0001 ths.) 
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Fig. 78 gives values of 3/1 for different values of f^, and values 
of 3-2 for different values of the length in feet, h. The values of % 
and 3/2 can be read off the diagram directly for any value of h, and 
L. And then, if the sum of y-^ and y^ be taken on the lower part of the 



HI. ExtremeFibre Stress l5, due To Weight of Bar, Lbs. per Sq. In. 
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cliaKnini, llii- n-oiiirtical, wliicli is the nhro stress f^, may be read off the 
ri^ht Iiaiiil side. 

The use of the diaf^raiii will lie illustrated by two problems: 

Pnihlcm i. Ket[uire(l the stress in a 4" x i" eye-bar, 20 feet long, 
which has a direct teusinu of 5f),tK)t) lbs. 

Ill this ca.se, h ^ , I, ^ 20 ft., and ~ 14,000 lbs. per sq. in. 
The, .stre.ss due to weight, /t, i.s fotnid as follows: On the bottom of 
the diagram fuul h 4 inches, follow up the vertical line to its inter- 
sectiou with inclined line marked L = 20, and then follow the horizontal 
line passing through the point of intersection out to the left margin and 
Ill'll Va 3-3 tens of thousandths; then follow the vertical line h — 4 
inches, nii to its intersection with inclined line marked f.^ = 14,000, and 
then follow the horizontal line passing through the point of intersection 
out to the left margin and find 3't 7.2 tons of thous,andths. 

Now to find the rediirocal of yq + — 7 -^ + 3-3 = to-Si value 

t'f .Vi ’1 .Vs 10.,'i nn lower edge of diagram, follow vertical line to its 
intersection with Inclined line mttrked “fane of Reciprocals” and find 
stress /, by following horizontal line to right hand margin to be 

ST" 950 Ihs. per sq. in. 

lly snlistilnting in (yd) and solving wc get fi = 960 lbs. per sq. in. 

Problem 2. Kecpiired the stress in a 5" x •> 4 " eye-bar, 30 feet long, 
which has a direct ten.sion of fio.ooo lbs., and is inclined so that it makes 
an angle of 45" with a vertical line. 

Tn this case, h ““ 5". I. ^ 30 feet, fa = 16,000 lbs., and 0 = 45°. 
I'rom the diagram as in Problem I, jig = ^ens of thousandths, and 
y'l = 6.5 terns of thousandths, and 

I 

sin 0 1300 X sin 0 

J'l TJ'j 

:= 850 lbs. per sq. in. 

Relalians belwccn h, f„ fa and L. For any values of fa and L, fj 
will be a maximum far that value of h which will make yx-\- min- 
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imum. This value cf h will imw !«• <l<-li-r!t)!iH-.!. I liliereiuiatinK rqii.v 
lion (76) with reference In /, !ii“l h, \\v li.ivc aticr m.Ivuvk I'nr /i 
after placing the first tlerivaticui eiiiial tt> z«-rn 




( 78 ) 


in which h is the depth of l«»r wliidi will have a masinnuii fibre 
stress for any given values of t ami /g. 

Now if wc suhstilule the value t>f h in (7H11 luck in etjuinii.n (;Ki), 
we find that will he a inaxiiuum when y, v,. 


Now in the diagram the values «»f y, am! y, for any Ktven values 
of /j and L will he eiptal for the depth of km , h. «<irre*.imii>liiig to the 
Intersection of the /j and L lines. 

It is therefore seen that every interseeiit.n of the inclined /, and L 
fines in the diagram, has for an ahseissa a v,ihir of h, which w ill have a 
maxiimim fibre stress /,, for the given values of /j, tmd 

For example, for /, - 30 feet and /j Ihs, we titul It ■= 

8.3 inches and f^ tycxi Ihs. For the given length /, .md direct fdtre 
stress /j, a bar dee[)er or shallcmer than K.j itiches will give a nnwller 
value of fi than 1700 Ihs, 

Eccentric Riveted Connections.- The actn.d du-aring stre«»« 
in riveted connections are «tften very ntuch in exerts of the 
direct shearing .slre.s.se.s. This will lie ilhtsliaied hy the e.ilcnlati«m 
of the shearing stre.sses in the rivets in the standard cmnneelion shown 
in Fig. 79 and Fig. 80. 

The eccentric force, P, may lie replaced hy a direct force. P, acling 
through the center of gravity of the rivets am! paralle! t*. il» original 
direction, and a cou|)le with a monient M •• /* 3" itich-lhs. 

Each rivet in the connection will then lake a direct vluMr npia! to P 
divided by n, where n is the total mitnlwr of rivets in the mruirction, 
and a shear due to bending moment M, 

The shear in any rivet due to rnoment will vary as the distance. 
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and the resisting moment exerted by each rivet will vary as the square 
of the distance of the rivet from the center of gravity of all the rivets. 

Now, if a is taken as the resultant shear due to bending moment in 
a rivet at a unit’s distance from the center of gravity, we will have the 
relation 


and 


M = 0 + d/ + d/ + 

t=a:S,d^ 

M 


(79) 


The remainder of the calculations are shown in Fig. 79. The re- 
sultant shears on the rivets arc given in the last column of the table 



Direct Shear S = 20000 5 = 4ooo lbs- 
Moment = 20ooox3 = eoooo in. lbs. 

— a (df + di td| + CI 4 + d 5 ) 
Where a = Moment shear on rivet 3 
= ,2fo50 lbs. 



mm 

mm 


■SB 

S 

R 

n 



19185 

7100 

4000 

9300 

iQ 

liEH 

5.61 

9500 

5000 

4000 

3200 

mm 

lESl 

1.00 

2630 

2630 

4000 

6630 


i.90 

5.61 

9500 

5000 

4000 

3200 

19 

e.70 

7.29 

19185 

7100 

4000 

9300 


BWffiMa 



1 On 

2630 lbs.= 

moment sheor on rivet 3 


M = Shear due to Moment . 

S eSheardueto Direct J_oad,P 
R = Resultant Shear • 

O 4000 8000 12000 

I I 1 1 

Fig. 79. 


and are much larger than would be expected. 

The force and equilibrium polygons for the resultant shears and 
load P, drawn in Fig. 80, close, which shows that the connection is in 

equilibrium. 
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STRESSES IN PINS. — A pin under ordinary conditions is a 
sliort beam and must be designed (i) for bending, (2) for shear, and 
(3) for bearing. If a pin becomes bent the distribution of the loads 
and the calculation of the stresses are very uncertain. 

The cross bending stress, S, is found by means of the fundamental 
Me 

formula for flexure, 5 = , where the maximum bending moment 


M, is found as explained later ; I is the moment of inertia, and c is the 
radius of a solid or hollow pin. 

The safe shearing stresses given in standard specifications are 
for a uniform distribution of the shear over the entire cross section, 
and the actual unit shearing stress to be used in designing will be equal 
to the maximum shear divided by the area of the cross section of the pin. 

The bearing stress is found by dividing the stress in the member 
by the bearing area of the pin, found by multiplying the thickness of 
the bearing plates by the diameter of the pin. 
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Calculation of Stresses.— The method of calculation will be il- 
lustrated by calculating the stresses in the pin at U ^ in (a) Fig. Sob. 
In the complete investigation of the pin U t, it would be necessary 
to calculate the stresses when the stress in 17 % was a maximumj and 
when the stress in U%L^ was a maximum. Only the case where the 
stress in is a maximum will be considered. However, maximum 

stresses in pins sometimes occur when the stress in U% is a maximum, 
and this case should be considered in practice. 

Bending Moment. — The stresses in the members are shown in 
(c), which gives the force polygon for the forces. The makeup of the 
members is shown in (a), and the pin packing on one side is shown in 
(b). The stresses shown in (c) are applied one-half on each side of the 
member, the pin acting like a simple beam. The stresses are assumed 
as applied at the centers of the members’. 

Algebraic Method . — The amounts of the forces and the distances 
between their points of application as calculated from (b) are shown 
in (d). The horizontal and vertical . components of the forces are 
considered separately, the maximum horizontal bending moment and 
the maximum vertical bending moment are calculated for the same 
point, and the resultant moment is then found by means of the force 
triangle. 

In (d) the horizontal bending moments are calculated about the 
points I, 2, 3, 4; the maximum horizontal moment is to the right of 3, 
and is 208,600 Ib.-in. The vertical bending moments are calculated 
about points 5, 6, 7, 8; the maximum vertical bending moment is to 
the right of 8, and is 283,000 Ib.-in. The maximum bending moment is 

at and to the right of 4 and 8, and is V2o8,6oo“ -j- 283,000“ = 351,600 
Ib.-in. 

Substituting in the formula 6“ = —j—, the maximum bending stress 

' 5 ' 16,600 lbs. The allowable bending stress for which this bridge 

was designed was 18,000 lbs. 

Graphic Method.— T \\q amounts of the forces and the distances 
between their points of application are shown in (e). The force poly- 
gon for the horizontal components is given in (f), and the bending 
moment polygon is given in (g). The maximum horizontal bending 



STki-ssi'S IN Pins 


•57 


iiKiniciit is til llu' riKl'l <'f 3, and is If X y = 200,000 X x.04 = 2o8,- 
(KKi lli.-iti. '!‘lif I'l.n-t- lu.lyKnii ffir iIr. vertical forces is given 
in (li) and the tii-nding ninmeui polygon is given in (i). The nmxi- 
nunn verlical lieinling inonient is to the rigid of H, and is HXv — 
2(Ki.(KKi ■\ 1.4J Ih.-in. The inaxiimnn bending moment 

oernrs al anti to llu- right of 4 and K. and is 351,000 lb, -in., as shown 
in (j). 

Shear. Tlu- .shear is found for both the horizontal and vertical 
comiionents as in a simple beam, and is e(inal to the summation of all 
the ftirees to the left tif the .seelion. 'Pile horizontal shear diagram is 
.shown in (k). amt the vertical shear diagram is shown in ( 1 ). The 
iiia.xininin horizontal .shear i.s between i and 2, and is 165,400 lbs. The 
.shear between 2 ami 3 is i<i5.4CK(~ .()tj.3oo~ 66,100 lbs. The maxi- 
nnnn vertical shear is Itelween (1 and 7, aiul is 126,300 lbs. The result- 
ant shear between j .'inil 3, and 6 and 7, is V 1 26,300“ -|- 66,100“ = 
i4r,,tKio lbs, as in t in 1 . which is less than the horizontal shear between 
t and 2. The niaxiiinnn .shear therefore comes between i and 2, and is 
tfi5,.pio lbs. The nuiHiuunn .shearing unit stress is 5750 lbs. The 

ulltiwable shearing stress was ijikki lbs. 

Bearing. The bearing stress in f/, is 165,650-; 6 X 1.94 — 

14,300 Ills. Hearing .stress in (./, [f^ is 165,400 ; 6 X • -88 = 14.600 
lbs. Uearing stress ill ff, /., is42,J(K) ; 6 X o.Kp t 7900 lbs. Bearing 
.stress in /.j is to7,(KK» ; 6 X t ^ 12,4.00 lbs. The allowable 
bearing stress was 15 .ikki lbs. 




■ing the Deflection op Beams. 

locls for calculating the deflection 
fmuous beams are given in detail 
lanics. The graphic methods are, 
hat their elegance and simplicity 
t the graphic method will be de- 
tie method will be given in the 


)wing discussion, 
nstant moment of ii 
Graphic Equation 
3- continuous load 


a simple beam 
y~fSj as in fa) 


Equation of Ei,astic Curvb 
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Fig. I. Assume that each differential load. :y d.r = fx dv acts throuc^h 
.ts ce„^r of gravity. Now c«„s,„ct a C polyg» ist ^aS 
an eqiuUbnum polygon as in (b) Fig. i. t 9 Q 

Now, in (b) the tangent of the angle between any side of the 

equilibrium polygon and the X-axis is tan a = If the string b a in 

(b) is produced until it cuts the vertical line th'Lgh 3. it will cut off 
the mtercept 3-3^. which is the difference between L consecutive 
values of d y and therefore equals d- y. 

Now, it has been proved that the moment of the force acting 
through point 2 in (b) about point 3, is equal to the intercept 3-3> 
multiplied by the pole distance H, is equal to 3-3>XH = d=yH 
But the moment of the differential load f.rd.r, which acts through 
point 2, about point 3, is f.v dx-, and 


and 


fx dx^ = d^-y H 

d"-y ^fx 
d?~H 


(I) 


It is evident that (i) is the differential equation of the equi- 
librium polygon in (b). 

Now, if the loading is taken so that y = fx = M, where M 
represents the bending moment at any given point x, due to a gqven 
loading, the equation for the equilibrium polygon becomes 


d-y 

d?- 


M 

H 


(2) 


From mechanics we have the relation that 


d-y 

d.v^ 


M 

eI 


( 3 ) 


which differs from (2) only in having E I substituted for H, E being 
the modulus of elasticity and / the moment of inertia of the given beam. 

This relation may be deduced as follows : In (d) Fig. i, let 
equilibrium polygon 1-2-3 represent the neutral axis of a beam as in 
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Deflection of Beams 


(a), the points i, 2 and 3 being- at a distance dx apart. The distortion 
will'be assumed to be so small that d I — dx. Now, the triangle 2-O-3 
may be taken as similar to triangle 3-2-3* for small distortions, and 

0-2 : 2-3 : : 2-3 : 3-3* 

but 0-2 equals R, 2-3 equals dx, and 3-3* equals d^y ; and, therefore. 


Now, in a beam as in (e) Fig. i, the stresses at any point in the 
beam will vary as the distance from the neutral axis, and from similar 
triangles we have 

R : dx :: c : A 
and 

RA=cdx (S) 

Now, if S is the fiber stress on the extreme fiber, and E is the 
modulus of elasticity, we have 

A : S :: dx : E 


AE — Sdx (6) 

and, solving (5) and (6) for R, we have 

RS=Ec- 


But from the common theory of flexure we have M c~SI, and 
substituting 



( 7 ) 


Substituting the value of R in (7) and (4) we have 
d^y M 

d^^Tl (s') 


The preceding discussion gives the following simple graphic method 
for constructing the elastic curve of a beam ; 

Consfruct the bending moment polygon for the gwen loading on 
the beam. Load the beam with this bending moment polygon, and 
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zalli a force polyf^on having; a pole distance equal to El, construct 
an equilihn'inn poly\i;on; this folyy^on ivill he the clastic curve of the 
beam. It is nol niniiiuiiily convonient to use a pole distance equal to 
El, ami u pole ilislauce II is used, where N H equals El] the de- 
Ik'Ction at any poiiil will then he equal to the measured ordinate di- 
vided by A'. 

Simple Beam. — The .simple beam will be considered when loaded 
with couceittrated and uni form loa<ls, using both algebraic and graphic 
luelhods. 

Methoil—Concenlratcd Load at Center of Beam. — The 
simple beam in (a) b'ig. 2, is loaded with a load P at the center. The 
hemling mou\ent diagram is shown in (h) and the beam is loaded with 
(be hemling moment diagram in (c) Fig. 2. 

To find the equation of the ela.stic curve take moments of the 
forces to the left of a point at a distance x from the left support, and 


PI.\y P.r* 

16 12 

and 

48/':/y- =P (4.v”-3^“^0 (8) 


Unit Loetd 

Iiiiiiiiiiiiiiw^ifiiiiiiiiii^ 

„ ^/V-- - L ^ 





CO 



Fici. 3. 


<C) 

Fig. 3. 


The maxiimnn dellection will occur when x^y^L in (8), or it 
may be found by taking momenta of forces to left of .t = >4 L to be 

r>ra 

(9) 

48/j/ 

Beam Uniformly Laaded.—Thc simple beam in (a) Fig. 3. is 
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loaded with a uniform load of vu per lineal foot. The bending' mo- 
ment parabola is shown in (b), and the beam is loaded with the 
bending moment parabola in (c) Fig. 3. To find the equation of the 
elastic curve, take moments of forces to the left of a point at a dis- 
tance X from the left support. 

The equation of the bending moment parabola with the origin 
of co-ordinates at the left support is y — ^ w L x — ^ w x'^, the area 
of a seg^nent of the parabola is A = }^zt;Lx^ — i-6zF.r’'j and the 
center of gravity measured back from x is 

X (2 L — x) 



6 L — 4 X 

Taking moments of forces to the left of a point x, and reducing, 
we have 

24 £ / y = 7(7 ( — -f* 2 L .f’ — A-) ( 10) 


The deflection is a maximum when x = y2 L, and may be found 
directly by taking moments, or may be found from (10), and is 


5 7t> L*‘ 


(II) 


Cantilever Beam — Concentrated Load . — The cantilever beam in 
(a) Fig. 4, has a concentrated load, P, at its extreme end. It will 
be seen that the cantilever beam may be considered as one-half of a 
simple beam with a span 2L, and a load 2 P, at the center. The 
equation of the elastic curve may be found as in Fig. 2. Load the 
beam with the bending moment diagram as in (b) Fig. 4, and consider- 
ing the cantilever as one-half of the simple beam we have, after re- 
ducing, 

6EI y=z:^p LKv — P xP (12) 
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Tlic maximum value of A is equal to y when .r equals L, and 


/’ //' 
A . 

3J-:i 


(13) 


To find the maximum deflection we may take the moment of the 
entire bending-moment [laraliola about the point i, and 


El\ 


PL^ 2 

'X.—L, and 

2 3 


P IP 


This method of fmfling the maximum deflection of a cantilever 
beam is tlie one to use in calculations, and will be used in the solu- 
tion of the problem of the transverse bent. 

Simple Beam— Graphic Method . — Tn Fig. 5 a .simple beam is 
loaded willi a load as .shown. With force polygon (b), draw 
equilibriiun polygon (c). Now load the beam with equilibrium polygon 
a.s in (c), and divide the area of the eiiuilibriiim polygon into segments, 
which are treated as loads acting through their centers of gravity. Con- 
struct force polygon (d) and draw ef|uiHbrium polygon (c). 

Now, the deflection at any ]ioint having an ordinate y in (e) will 
be, if pro[)er scales arc lused, 

yX If X IP 

A , 


Tn Fig. 5, if P equals 3000 Iba., and the area of the equilibrium 
polygon and jinlc tli.stance IP are measured in square-foot pounds, 
l)ole distance H in pounds, and y in feet, wc will have 


vX fix IP X T728 



- ^ 1.88 inclu's at center, while maxiimim value of deflection is 
A’ : l.y.3 indies. 

Tan scents to Elastic Ciin'c . — Tf strings i and 3 in (e) be pro- 
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duced, they will intersect at 2 on a line through the center of gravity 
of the moment-area polygon, and the strings 1-2 and 2-3 will be 
tangents to the elastic curve at the supports i?j and R^, respectively. 
This gives an easy method of constructing the tangents to the elastic 
curve without constructing the curve. It is also seen that the tan- 
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Continuous Bicam 


1(^5 

Tlic reactions oC the eoiilituious beam in (a) may be replaced by 
the reactions of the two simple beams loaded with the uniform load ze 
in (b), and the ri'aelions and tlie load of the simple beam with the span 
/., + /,a and carrying; a negative load j-/ in (c). The reactions in (a) 
will then have the followinj^ values; — — r/ ; R 2 = r„-{-u' ; 

A’a -- r,, ~~ /■/. 

Now the u[>war(I curvature of the beam in (a) due to the load r/ 
will be neiilralized by the load above c([ual to r^' which is transferred 
to the reaction Ag hy Ilexure in the beam. The upward deflection of 


(~Loaof w per tin. ft. 
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the beam in (c) at any point will he the bending moment divided by E l 
at the same point in (d) due to a bending moment polygon witli a maxi- 
mum moment X A. --f-/ X W, and the downward deflection 

of the lieam in (1.) at any point will be the bending moment divided 
by E I at the same point in (d) clue to the bending moment polygons 
for a uniform load w covering tlic simple spans in (b). But the ce- 
neclion of the beam in (a) is zero at the reaction Ag,_ancl therefore the 
bending moment at the ctirresjionding point in (cl) is zero. 
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From the above discussion it follows that to calculate the reactions 
of the continuous beam in (a) by moment areas, take a simple beam 
with a span equal to L, + L-,, and load it with the bending moment 
polygons for beams (b) and (c) as in (d) ; the bending moment in 
beam (d) at the points corresponding to the reactions will be equal to 
zero, and the reactions of beam (a) can be calculated by statics when 
the ilfj is obtained. 

Continuous Beam — Concentrated Loads . — In (a) Fig. 6, a con- 
tinuous beam of two equal spans of length L, is loaded with two 
equal loads P, at the centers of the spans. Calculate the bending 



moments and load a simple beam with a span equal to 2 L, with the 
bending-moment diagrams due to P in each span, and with the nega- 
tive bending-moment diagram due to the reaction R^. Then to find 
M2, the bending moment at 2, take moments of forces to the left of 
2, and 

M2 P U M2 P L» 

2 8 6 16 

M2^—~PL 

16 

To calculate take moments in (a) about 2, and 

RiL M, = o 

2 


ncam untrormly Loaded In 

to w i)Li foot. Calculate the bending moments due to a uniform Joad 
of w on each span, and load a simple lieam of span 3 L with the posi- 
tve hondmg-moment diagrams due to load and with the negative 
hcndnig-niomcnt diagrams due to the reactions R, and R The 
bending moment M, is equal to M, Now the deflection of the beam 
IS zeio at 2 and 3, and the bending moments must, therefore, be zero 
at these points. Taking moments of forces to the left of 2, we have 


umT.Load.=w 


iiiiiiiiiiiiiiiiiiifiiii] 
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3 4 ^ I 

R„ = R^~ ~zv L — - — w L = — zv L 
2 10 lO 

Continuous Beam of n Spans. — ^To calculate the reactions for a 
continuous beam of n spans, equal or unequal, loaded with any system 
or systems of loads proceed as follows : 

Calculate the bending moment due to the external load, or loads, 
or system of loads in each span considered as a simple beam. Take 
a simple beam having a total length equal to the length of the con- 
tinuous beam, and load it with the bending moment polygons found 
as above. Also load the beam with the bending moment polygons due 
to the reactions. The reactions being unknown, the bending moments 
at the reactions will be unknown. Now calculate the bending moment 
in the simple beam at points corresponding to each reaction and place 
the result equal to zero, for the reason that the deflection at the sup- 
ports is zero. . 

For a continuous beam of n spans there will be m + i equations 
which is equal to the number of unknown reactions. Solving these 
equations the unknown moments will be found, and the reactions may 
be calculated algebraically. 

Transverse Bent. — The problem of the calculation of the point 
of contra-flexure in the columns of a transverse bent — the algebraic 



Fig. 8. 

solution of which is given in Chapter XI — will now be solved by the 
use of moment areas. The nomenclature in Fig. 8 is the same as in 
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“ml’!" “• P»i«» i and n arc 

la (b) big. 8 , the deflection at b from the tano-ent ■ r 
by taking- moments of the moment areas below h to be ° 


£/A=z 


jl/,i d 2 ^ ibr^ d d 

2 3 7 


A=: 


6 E /■ 


(H) 

The deflection at c from the tangent at a is found by taking 
moments of moment areas below e to be ^ & 


Zi / A- 

2 6 


M,d 




Me (?,dh — d'^) — M, (2 — h d) 


ih — 2/2d) 
(IS) 

we have bypothesis, and equating (14) and (15) 


6 Er 


2 Me d^ — Jlfj, == ilifo {2dh~ d^) —Mi(2h^~h d) 


transposing, 


Mo (3 /t tf — 3 d'-!) = (2 /t= — /i d _ d2) 

(16) 

Now in (c) Fig. 8, it will be seen that Mg : M, :• v„ ■ 
and 

: d — yo, 

Mq (d~yo) =Miyo 

(17) 

Solving (16) and (17) for y^, we have 


(^2 H d'j 


2 {h -\~ 2 d) 

(18) 


which is the same value as was found by algebraic methods. 

Reactions of Simple Draw Bridges. — The preceding methods are 
not adapted to the solution of problems involving moving loads, as 
in draw bridges. The following method, which is an application of 
curved influence lines, is quite simple in theory and application, al- 
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though requiring considerable labor in preparing the diagrams. The 
solution will first be explained and a proof given later ; 

Drmv Bridge With Three Supports— In Fig. 9 a continuous 
beam with spans and is loaded with concentrated moving loads 
represented by and Pj, as in (a). 



Fig. 9. 

In (b) load a simple beam having a span with a bend- 

ing-moment polygon due to the reaction R.^ (the value of is unknown, 
and any convenient load will do). 

Divide the bending-moment diagram into segments, construct a 
force polygon as in (d) and draw an equilibrium polygon as in (c) 


i7i 


Rkactions of Dhaw IJkidges 

IMR. .J, assuiuiiiK tlial llu- st'Kinents are loads acting through their 
ci'iilers of gravity. 

Till- i-ulv di.staiu-v // „,ay he tala-n as any convenient length, and 
the i-nlf 0 may hr lakrii at any point jin (c) the pole has been selected 
to bring llir closing line horizontal for convenience only]. 

Then in fc) 


anti 


and 


and 


A',« rj, — I\d 

A, 

a 

c . . l\ m Pj n 

r, ^ 1 tF ■]"' ^ 2 II' 

A’a ^ 

C 

iVfl - — — 


( 19 ) 


( 20 ) 


( 21 ) 


/Yff/,*— 1 he ordinates Iti tlic etiuiliiirium polygon in (c) are pro- 
portional to the ordinates to the true eia.stic curve of the beam in (b) 
when it is loadetl with a given load at 2. 

Now ill fe) big. (j, if the detlcction at 2 due to a load P at i 
i.s cl, then if the hiatl /' he nioved to 2 , tlic deflection at i will be d. 
'riii.s can he (iroved by calculating the bending moments at 2 and i 
for tile conditions, .since the deflections are directly proportional to 
the betuling nionieiits. With P at t, the bending moment at 2 is 

Pah _ Pha 

- : anti with V at 2 , tin; liending moment at i is , and the 


pro|Hmilion is provetl. 

Now in (e). if llie tleflection due to a load unity at 2 is m at P^, 
then the dctlcetion at a ilue to a load unity at P^ will be m. If load 
K, is applied at 2, the work done in making the elastic curve pass 
through 2 will he A'jC; while the rc‘.sislancc due to a load P^ will be 
/', times the deflection at 2 due to the load P,, which is equal to Pj^m, 
In like manner the resistance clue to /’« will be Pj n, and 
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i?2 c = Fi m + Pi n 


and 


P, m + Pi n 
P„=: 

c 


(20) 


To find Ry take moments about 3 in (a), and 

R, {L, + L,) +RiLi--P^h — Pih=-o 


and from similar triangles in (c) 

R^a-^R^c — P^(m + b) —Pi (n — d) =0 (22) 

Substituting the value of Ri from (20) in (22), we have 


and since 


R^a = P,b — Pid 

p b — Pid 

= 

a 

Ri + Ri + Ri = Pi^Pi 
„ -PiC + Pif 

Kj — - 

g 


(19) 


(21) 


Uniform Load . — For a uniform load on the beam the areas of the 
diagram covered by the uniform load will be used in the place of the 
ordinates as in Fig. 9 (see discussion on Influence Diagrams, Chapter 
X). For example in Fig. 10 the reactions are given by the following 
formulas : 


R^ 

p (area — area B^) 

(23) 

a 

R.. 

p (area A -j- area ^i), 

c 

(24) 

R^ 

p (area Cg — area Q) 

(25) 


g 


Draw Bridge with Four Supports . — ^To find the reaction at Ri 
in Fig. II, proceed as follows; With a load represented by the triangle 
1-2-4, construct a force polygon (not shown) and draw an equi- 
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Fig. 10. 

librium polygon passing through m-^i-o-p. Now, with a load repre- 
sented by the triangle 1-3-4, construct a force polygon (not shown) 
and draw an equilibrium polygon passing through m-o~p. The method 
of drawing an equilibrium polygon through three points is explained 
in Chapter V, Fig. 20. 


Cct) F? Fi R 

1 i I i 5 i ^ 



Fig. II. 


Then in (c) Fig. il, 

R^d=P^a-{- P^h — Ps c 
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— P^c 
d 


(26) 


i?8 may be found in a similar .manner by drawing an equilibrium 
polygon for a load, 1-3-4, through point n. 

When i?2 and i?3 have been obtained, the reactions and can 
most easily be obtained by algebraic moments. 

Proof . — With the load, 1-2-4, and full line deflection curve we 
have, as in the case of three supports, 

i?2 fd -{-h)— — J?s fe -{-Px (a 4- 4 -^2 4 /) 4 A ^ (^ 7 ) 

And with the load, 1-3-4, and dotted line deflection curve we 
have, in like manner, 

R ^ k = — 7^2 4 ^ 4 ^2 /"b -^8 4 (28) 

Subtracting (28) from (27) we have 

d = Pj a 4 ^2 ^ — -^8 ^ 


R,= 


Pia-\- P^b — Pj c 


d 


which is the equation of which proof was required. 


(29) 


PART III. 

DESIGN OF MIDD BUILDINGS. 

CHAPTER XVI. 

General Design. 

General Principles. — The general dimensions and outline of a mill 
building will be governed by local conditions and requirements. The 
questions of light, heat, ventilation, foundations for machinery, hand- 
ling of materials, future extensions, first cost and cost of maintenance 
should receive proper attention in designing the different classes of 
structures. One or two of the above items often determines the type 
and general design of the structure. Where real estate is high, the first 
cost, including the cost of both land and structure, causes the adoption 
in many cases of the multiple story building, while on the other hand 
where the site is not too expensive the single stony shop or mill is 
usually preferred. In coal tipples and shaft houses the handling of 
materials is the prime object; in railway shops and factories turning 
out heavy machinery or a similar, product, foundations for the ma- 
chinery required, and convenience in handling materials are most im- 
portant; while in many other classes of structures such as weaving 
sheds, textile mills, and factories which turn out a less bulky product 
with light machinery, and which employ a large number of men, the 
principal items to be considered in designing are light, heat, ventilation 
and ease of superintendence. 



GliNKUAI, GKSICN 


176 

Shops and factories arc preferably kieated wliere inuisportation 
facilities arc good, land is cheap and labor pU-ntifiil. 'l‘oo imicli care 
cannot l)e used in the design of shops and factories for the reason lliat 
defects in design that cause inconvenience in handling materials ami 
workmen, increased cost of operation and niainlenance are permanent 
and cannot be removed. 

The best modern practice, inclines lovvartl single (loor shops with 
as few dividing walls and partitions as possible. The advantages of 
this type over multiple story liuildings are (1) the light is better, (j) 
ventilation is better, (3) buildings are more easily healed, (.j) founda- 
tions for machinery are clieaiier, (5) niticbiiicTy being set directly on 
the ground causes no vibrations in llic building, (d) llfKirs are ebcaper, 

(7) workmen arc more directly under the eye of the .superintendent, 

(8) materials arc more easily and cheaply bandied, (ij) bniblings admit 
of indefinite extension in any direction, (10) the cost of construction 
is less, and (ii) there is Ics.s danger from damage tine to fire. 

The walls of shops and factoric.s are made (t) of brick, stone, nr 
concrete; (2) of brick, hollow tile or concrete curtain walls between 
steel columns; (3) of expanded metal and pla.ster curtain walls ami 
glass; (4) of concrete .slabs fastened to the steel frame; ami (5) of 
corrugated iron fastened to the steel frame. 

The roof is commonly suiiportcd by steel trusses ami framework, 
and the roofing may be slate, tile, tar and gravel nr other cotn[K)sition, 
tin or sheet steel, laid on hoard shealiting or on concrete slabs, tile or 
slate supported directly on the purlins, or corrugated steel KU[i[)ortetl on 
board sheathing or directly on the purlins. Where the slojte of the rn{»f 
is flat a first grade tar and gravel roof, or some one of the patent com- 
position roofs is used in preference to tin, and cm a sleep .slope .sltite Is 
commonly used in preference to tin or tile. Corrugated steel roofing 
is much used on boiler houses, smelters, forge shops, coal tipples, and 
similar structures. 

Floors in boiler bouses, forge shops and in similar struetnres are 
generally made of cinders; in round houses brick floors (m a gravel or 
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concrete foundation are quite common ; while in buildings where men 
have to work at machines the favorite floor is a wooden floor on a foun- 
dation of cinders, gravel, or tar concrete. Where concrete is used for 
the foundation of a wooden floor it should be either a tar or an asphalt 
concrete, or a layer of tar should be put on top of the cement concrete 
to prevent decay. Concrete or cement floors are used in many cases 
with good results, but they are not satisfactory where men have to 
stand at benches or machines. AVooden racks on cement floors remove 
the above objection somewhat. Where rough work is done, the upper 
or wearing surface of wooden floors is often made of yellow pine or oak 
plank, while in the better classes of structures, the top layer is com- 
monly made of maple. For upper floors some one of the common types 
of fireproof floors, or as is more common a heavy plank floor supported 
on beams may be used. 

Care should be used to obtain an ample amount of light in build- 
ings in which men are to work. It is now the common practice to make 
as much of the roof and side walls of a tran.sparent or translucent ma- 
terial as practicable ; in many cases fifty per cent of the roof surface is 
made of glass, while skylights equal to twenty-five to thirty per cent 
of the roof surface are very common. Direct sunlight causes a glare, 
and is also objectionable in the summer on account of the heat. Where 
windows and skylights are directly exposed to the sunlight they may 
best be curtained with white muslin cloth which admits much of the 
light and shades perfectly. The “saw tooth” type of roof with the 
shorter and glazed tooth facing the north, gives the best light and is 
now coming into quite general use. 

Plane glass, wire glass, factory ribbed glass, and translucent fabric 
are used for glazing windows and skylights. Factory ribbed glass 
should be placed with the ribs vertical for the reason that with the ribs 
horizontal, the glass emits a glare which is very trying on the eyes of 
the workmen. W^ire netting should always be stretched under sky- 
lights to prevent the broken glass from falling down, where wire glass 
is not used. 
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Heating in large buildings is generally done by the hot blast sys- 
tem in which fans draw the air across heated coils, which are heated 
by exhaust steam, and the heated air is conveyed by ducts suspended 
from the roof or placed under the ground. In smaller buildings, direct 
radiation from steam or hot water pipes is commonly used. 

The proper unit stresses, minimum size of sections and thickness 
of metal will depend upon whether the building is to be permanent or 
temporary, and upon whether or not the metal is liable to be subjected 
to the action of corrosive gases. For permanent buildings the author 
would recommend 16,000 lbs. per square inch for allowable tensile, and 

16,000 — 70-^lbs. per square inch for allowable compressive stress for 

direct dead, snow and wind stresses in trusses and columns ; I being 
the center to center length and r the radius of gyration of the member, 
both in inches. For wind bracing and flexural stresses in columns due 
to wind, add 25 per cent to the allowable stresses for dead, snow and 
wind loads. For temporary structures the above allowable stresses mqy 
be increased 20 to 25 per cent. 

The minimum size of angles should be 2" x 2" x and the 
minimum thickness of plates for both permanent and temporary 
structures. Where the metal will be subjected to corrosive gases as in 
smelters and train sheds, the allowable stresses should be decreased 20 
to 25 per cent, and the minimum thickness of metal increased 25 per cent, 
unless the metal is fully protected by an acid-proof coating (at present 
the best paints do little more in any case than delay and retard the 
corrosion) . 

The minimum thickness of corrugated steel should be No. 20 
gage for the roof and No. 22 for the sides; where there is certain to 
be no corrosion Nos. 22 and 24 may be used for the roof and sides 
respectively. 

The different parts of mill buildings will be taken up and discussed 
at some length in the following chapters. 


CHAPTER XVII. 


Eramework. 

Arrangement.-— The common methods of arranging the frame- 
work in simple mill buildings arc shown in Fig. i, Pig. 8i and Fig. 82. 
The different terms which are used in the discussion that follows will 
be made clear by an inspection of Fig. i and Fig. 81. 
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Plan Lower Chord Plan Upper Chord 

Fig. 81. 

The three types of mill huiUUngs— steel frame mill buildings, mill 
buildings with m.asonry filled walls, and mill buildings with masonry 
walks — have been discussed in the Introduction. 

The end post bent, shown in (a) Fig. i and in Fig. 81, usually requires 
less material than the end trussed bent shown in (b) Fig. i and in Fig. 
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82, and is commonly used for simple mill buildings. Extensions can 
be made with about equal ease in cither case, and the choice of methods 
will usually be determined by the local conditions of the problem and 



Fig. 82. A. T. & S. F. R. R. Beacksmith Shop, Topeka, Kas, 


the fancy of the designer. In train sheds and similar structures the 
end trussed bent (b), Fig. i, is used. Where the truss span is quite 
long, as in train sheds, the end trusses are often designed for lighter 
loads than are the intermediate trusses, thus saving considerable ma- 
terial. In the case of simple mill buildings of moderate size all trusses 
are, however, commonly made alike, the extra cost of detailing being 
usually more than the amount saved in material. 

In train sheds, coliseums, and similar structures requiring a large 
floor space, the three-hinged arch is very often used in place of the 
typical transverse bent system. 

The various parts of the framework of mill buildings will be taken 
up and discussed in order. 

TRUSSES. Types of Trusses. — The proper type of roof truss 
to use in any particular case will depend upon the span, clear headroom, 
style of truss preferred, and other conditions. For spans up to about 
100 feet, the Fink type of truss is commonly used. This type of truss 
lias the advantage of short struts, simplicity of details and economy. 
The stresses that control the design are with but a very few exceptions 
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those caused by an equivalent uniform dead load, thus simplifying the 
calculation of stresses (see Table VI). 

The outline of the truss will depend upon the spacing of the pur- 
lins, and upon whether or not the purlins are placed at the panel points 
of the ti uss. The most economical and pleasing arrangement is to 
make a panel point in the truss under each purlin. Taking the normal 
wind load on the roof at from 25 to 30 lbs. per sq. ft., it will be seen 
in Tig. 1 12 that for Nos, 20 and 22 corrugated steel, when used without 
sheathing, the purlins should be spaced from 4 to 5 fcct. If this spac- 
ing is exceeded corrugated steel roofing supported directly on the pur- 
lins is almost certain to leak. Where sheathing is used the purlin spac- 
ing can be made greater. Many' designers, however, pay no attention 
to the matter of placing the purlins at the panel points, the upper chord 
of the truss being stiffened to take the flexural stress. 

In Tig. 83, (a) shows the form of a Tink truss for a span of 30 
fcct; (b) for a span of 40 feet; (c) for a span of 50 feet; (d) for a 
span of 60 feet ; and (c) for a span of 80 feet, on the assumption that the 
purlins arc spaced from 4 to S feet, and come at the panel points of 
the truss. If trusses with vertical posts are desired the triangular 
trusses (h) and (j), or Tink truss (f) may be used. The truss shown 
in (i) is occasionally used for long spans, although it has little to rec- 
ommend it except novelty. The truss shown in (kl is used where 
there is ample headroom. The quadrangidar truss shown in ( 1 ) and 
the camels back truss shown in (in), are used for long spans where tire 
appearance of the truss is an important feature, as in convention halls 
and train sheds. The lower chords of mill building trusses are usually 
made horizontal, but by giving the lower chord a camber, as in (g), the 
appearance from the side is greatly improved. 

The “saw tooth” or “weaving shed” roof shown in (a) Tig. 84, 
has been used abroad for many years and is now coming into quite 
general use in this country for shops and factories as well as for weav- 
ing sheds, as indicated by the name. The short leg of the roof is made 
inclined as in (a), or vertical as in (b), and is glazed with glass or 
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translucent rabric. Tire glazed log of the roof is made to face the 
north, thus giving a constant and agreeable light and doing away with 
the use of window shades. 

The principal clidTiculty in saw tooth roof construction is in obtain- 
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Saw Tooth Roof 
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Fig. 84. 

with this roof on account of the increased depth of gutter. The mod- 
ified saw tooth roof has a greater pitch, and has a more economical truss 
for long spans than the common form shown in (a). Condensation on 
the inner surface of the glazed leg can be practically prevented by us- 
ing double glazing with an air space between the sheets of glass. Double 
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glazing in windows and skylights makes the building much easier to 
heat, the air space making an almost perfect non-conductor. 

Brown & Sharpe Foundry . — In the Brown & Sharpe Mfg. Com- 
pany’s Foundry, a modification of the saw tooth roof was adopted in 
which glass was used on both surfaces of the roof. The skylights ex- 
tend east and west and have a pitch of 45 degrees. The southerly pitch 
is glazed with opaque glass, the other with ordinary rough glass. The 
ventilator monitor, which surmounts the skylights, is glazed with opaque 
glass on the southerly side, and extends high enough so that no light 
up to an angle of 70 degrees reaches the glass below. By this arrange- 
ment no direct sunlight is admitted to the shop from above excepting 
for a few minutes at noon during the longest days of the year. The 
result of this overhead light, combined with the almost wholly glass 
walls of the room is that the floor below is as light as out of doors, to 
all intents and purposes, yet diffused light only is admitted. A rod 
placed upright on the floor of one of these rooms casts no shadow. 

Conkey Printing Plant *.' — The printing plant of the W. B. Conkey 
Co., Hammond, Ind., consists of a single story building, 540 x 450 ft. 
The roof is of the weaving shed or saw tooth type and all windows 
are glazed with frosted glass and are placed at an angle, looking toward 
the north. Every 29 feet of roof spaec provides ii feet of light. Ow- 
ing to the angle of the roof the direct rays of light are kept out of the 
building, which is thus lighted by the soft reflected rays from the 
northern sky. The entire roof is built up out of light structural steel- 
work resting on cast iron columns spaced 29 ft. c. to c. one way, and 16 
ft. c. to c. in the other direction. The height of the trusses above the 
floor is 12 ft. To prevent the snow collecting in the valleys between 
the skylights, the bottom of the gutter and the glass are kept heated so 
that the snow melts as it falls. This method produces condensation on 
the inner surface of the glass, which is collected in a system of con- 
densation gutters and carried outside the building. 

The heating and ventilating of the building is accomplished by a 
blast system, with the heating ducts under the floor, which supply reg- 
isters throughout the plant, arranged on the side walls of each depart- 
ment. The heating system can be made to produce a mild heat for the 
seasons of spring and fall, and can also be turned into a cooling sys- 
tem in the summer, by running cold water through the steam pipes at 
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the fan and changing the air every 15 minutes with cool air in hot 
weather. 

The floor is built of heavy plank and finished maple laid on sleep- 
ers which are bedded in cinders. The walls are made of heavy tile and 
the openings are closed with iron fire doors. The building is practically 
fireproof and takes a very low rate of insurance. 

BoyeT Plant . — The Boyer Plant of the Chicago Pneumatic Tool 
Co., at Detroit, Mich., is 325 x 1S5 ft., with the longer dimension ex- 
tending north and south. The roof of the building is divided into two 
sections, having spans of about 92 ft. each, a pitch of about and is 
covered with Patent Asbestos Roofing — manufactured by H. W. Johns- 
Manville Co., Milwaukee, Wis. — laid on ij 4 -in. plank sheathing. The 
building is lighted by means of saw tooth skylights facing north and 
extending from the ridge of the roof to within about 6 ft. of the eaves 
on the outside and the valley gutter on the inside. The trusses are 
spaced 16 ft. apart, and' there are three saw tooth skylights between eadr 
pair of trusses, making 240 skylights in the roof. The north leg of 
the saw tooth is vertical and is glazed with double corrugated glass, 
the south leg is covered with asbestos roofing. The building is venti- 
lated by means of circular ventilators placed in the ridge of the roof 
and spaced 16 ft. apart. The lighting in this building is almost perfect. 
The roofing has given satisfaction with the exception of the large val- 
ley gutters, which will he covered with copper or lead in the near 
future. There has been a little trouble with condensation, but not 
enough to make it necessary to go to the expense of putting in con- 
densation gutters. 

This building is described in the Railway and Engineering Review, 


March 9, 1901. 

For additional details of saw tooth roofs see Fig. 97 - 
The cross-scction of a locomotive shop for the Eastern Railway 
of Erance is shown in Fig. 85. The entire building is made of fireproof 
materials, the framework is of iron and the roof of sheet metal and 
glass. The building extends from east to west and has a saw tooth r^f, 
with the shorter leg facing north, and glazed with crinkled g ass. e 
floor is made of treated oak cubes measuring 3.94 ^ ® 

■ with the grain vertical, on a bed of river sand about 8 m. thick, 
saw tooth roof is well suited to structures of this class. 
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Example’of Ketchnm’s Modified Sazu Tooth Roof . — The modified 
form of saw tooth roof described above was proposed by the author 
in the first edition (1903). This form of saw tooth roof has recently 
(1905) been used in the paint shops of the Plank Road Shops of the 
Public Service Corporation of New Jersey, Newark, N. J. The build- 
ing proper is 135 feet wide by 354 feet long. The main trusses are of 
the modified saw tooth type with 44-ft. spans and a rise of and are 
spaced 16 ft. centers. The general details of one of the main trusses 
are shown in Fig. 84a. 

The building has an independent steel framing with brick curtain 
walls on the exterior. Pilasters 24 in. by 20 in. are placed 16 feet apart 
under the ends of the trusses, the intermediate curtain walls being 
12 inches thick. 

The roof is a S-ply slag roof laid on 2-in. tongued and grooved 
spruce sheathing, which is spiked to 2 in. X 5 in. spiking strips, which 
are bolted to 8-in. channel purlins spaced 6 feet centers. The slag 
roofing is laid to comply with standard specifications as described in 



Fig. 84a. Modified Saw Tooth Roof, Paint Shop, Public Service 

Corporation. 
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The roof watei is carried down 5'iri. cast iron leaders attached to 
alternate interior columns. 

The .sash in the vertical leg are in two rows, the upper row being 
hinged at their centers, thus providing ample ventilation. Condensation 
gutters arc placed below the vertical leg to take the drip. The skylight 
area is about 20 per cent of the roof area, the window area is about 
45 per cent of the outside walls, while about 28 per cent of the entire 
outside surface of the building is of glass. All glazing is of y&-m. 
ribbed wire glass, with the ribs placed vertical. 

The skylight frames and moldings are made of No. 24 galvanized 
iron, while the entire roof is flashed with 16-02. copper sheets, 4 feet 
wide, and counter flashed with sheet lead. 

Louisznllc & Nashville R. R. Shops . — The saw tooth roof shown 
in Fig. 84b was used in the South Louisville shops of the Louisville 
& Nashville R. R. The roof covering is composed of composition 
roofing on the pitched roof and asphalt and gravel roofing on the 
flat portions laid on 154” dressed and matclied sheathing. 



Fig. 84b. Saw Tooth Roof, Louisville & Nashville R. R. Shops. 


The short leg of the saw tooth is glazed with ribbed wire glass, 
and the building is ventilated by means of 12-inch arcular ventilators 
placed in the peak of the saw teeth and spaced 30' 2". _ , . 

Saw Tooth Roof of the Ingersoll-S argent Dnll Co.— -The de«^ 
of the saw tooth roof used on the Rock Drill building is shown in Fig. 
84c. The floors are of concrete and the roof is of reinforced concre e 
covered with felt and slag. Ribbed glass is used in the glazed tooth. 
It will be noticed that electric motors for driving the machinery are 
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placed on small platforms resting on the lower chords of the roof 
trusses. 



Erecting and Machine Shop of P. & L. E. R. R . — The locomotive- 
erecting and machine shop of the P. & L. E. R. R., at McKees Rocks 
is 533' X i68' i", and is designed with a self-supporting frame with 
brick curtain walls. 

The details of the roof are shown in the cross-section in Fig. 84d, 
the machine shop being well lighted by three saw tooth windows. The 
roofing is asphalt and felt laid on tongued and grooved boards. 
The gutters are heavily flashed with asphalt and felt. The roof water 
in the saw tooth part is carried by 4" conductors to 5" vertical discharge 
pipes, attached to alternate columns (40 ft. apart) as shown. The de- 
tails of the saw tooth windows are given in Fig. 157a. The floors have 
^ Portland cement concrete base 4" thick, on this are placed 

five layers of felt saturated with asphalt for waterproofing. This is 
covered with a layer of dry sand about 5" thick and the 4" X ZW 
floor stringers are well bedded in the sand. The wearing floor con- 
sists of a sub-floor of 2^" yellow pine and a top floor of tongued 
and grooved maple. Wire boxes are put in as shown in Fig. 84d to 
carry power and light wires. 

* Engineering News, June 20, 1905. 
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Fig. 85. Locomotivi? Shop, Eastern Railway op France. 

A few of the forms of trusses in common use where ventilation 
and light are provided for are shown in Fig. 86. The Fink truss with 
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monitor ventilator and skylights in the roof shown in (a), is a favorite 
t'^pe for shops; truss (b) with double monitor ventilator is especially 
adapted to round house construction ; trusses (c) and (e) are adapted 
to shop and factory construction where a large amount of light is de- 
sired, ventilation being obtained by means of circular ventilators; truss 
(d) is similar to (c) and (e), but allows of better ventilation; truss (f) 
has skylights in the roof and has circular ventilators placed along the 
ridge of the roof ; truss (g) is the type in common use for 
blacksmith shops, boiler houses, and roofs of small span. The “silk 
mill” roof shown in (h) was used by the Klots Throwing Co. in their 
silk mill at Carbondale, Pa. The spans of the three trusses are 48' 8“ 
each, with a clerestory of 13' 9" in the monitor ventilators, which are 
glazed with glass ii' o" high. The monitors face east and west, al- 
lowing a maximum amount of direct sunlight in the morning and 
evening, and none at midday. This roof has given very satisfactory 
■results, however, it would seem to the author that it would be necessary 
to use shades, and that there would be shadows in the building. The 
trusses in this building are spaced 10' 6" apart and support the 
plank sheathing which carries the roof, no purlins being used. The 
.shafting to run the machinery in this building is placed in a sub-base- 
ment ; a method much more economical and convenient than the com- 
mon one of suspending the shafting from the trusses. 

Pitch of Roof.— -The pitch of a roof is given in terms of the center 
height divided by the span; for example a 60-ft. span truss with 
pitch will have a center height of iS ft- The minimum pitch allow- 
able in a roof will depend upon the character of the roof covering, and 
upon the kind of sheathing used. Por corrugated steel laid direcUy on 
purlins, the pitch should preferably be not less than (6" in 12"). and 
the minimum pitch, unless the joints are cemented, not less than H- 
Slate and tile should not be used on a less slope than l 4 and pre era y 
not less than /s- The lap of the slate and tile should be greater for the 
less pitch. Gravel should never be used on a roof with a greater pitc 
than about /s. and even then the composition is very liable to run. 
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phalt is inclined to run and should not be used on a roof with a pitch 
of more thaoj say, 2 inches to the foot. If the laps are carefully made 
and cemented a gravel and tar or asphalt roof may be practically flat ; a 
pitch of to I inch to the foot is, however, usually preferred. I'm 
may be used on a roof of any slope if the joints are properly soldered. 
Most of the patent composition roofings give better satisfaction if laid 
on a roof with a pitch of ^ to Shingles should not be used on a 
roof with a pitch less than and preferably the pitch should be Yi 
to Y^- 

Pitch of Truss. — There is very little difference in the weight of 
Fink trusses with horizontal bottom chords, in which the top chord 
has a pitch of Y> or Y- difference in weight is quite notice- 
able, however, when the lower chord is cambered; the truss with the 

Y pitch being then more economical than either the Y OJ" H pitch. 
Cambering the lower chord of a truss more than, say, 1-40 of the span 
adds considerable to the weight. For example the computed weights 
of a 6o-ft. Fink truss with a horizontal lower chord, and a 6o-ft. 
Fink truss with a camber of 3 feet in the lower chord, showed that the 
cambered truss weighed 40 per cent more for the pitch and 15 per 
cent more for the Y pitch, than the truss having the same pitch with 
horizontal lower chord. It is, however, desirable for appearance sake 
to put a slight camber in the bottom chords of roof trusses, for the 
reason that to the eye a horizontal lower chord will appear to sag if 
viewed from one side. 

In deciding on the proper pitch, it should be noted that while the 

Y pitch gives a better slope and has a less snow load than a roof with 

Y or Y pitch, it has a greater wind load and more roof surface. Tak- 
ing all things into consideration Y pitch is probably the most econom- 
ical pitch for a roof. A roof with Y pitch is, however, very nearly as 
economical, and should preferably be used where corrugated steel roof- 
ing is used without sheathing, and where the snow load is large. 

Economic Spacing of Trusses. — The weight of the trusses and 
columns per square foot of area decreases as the spacing increases, while 


Pitch of Truss 


193 


the weight of the purlins and girts per square foot of area increases as 
the spacing increases. The economic spacing of the trusses is a func- 
tion of the weight per square foot of floor area of the truss, the pur- 
lins, the side girts and the columns, and also of the relative cost of each 
kind of material. For any given conditions the spacing which makes 
the sum of these quantities a minimum will be the economic spacing. 
It is desirable to use simple rolled sections for purlins and girts, and 
under these conditions the economic spacing will usually be between 16 
and 25 smaller value being about right for spans up to, say, 

60 feet, designed for moderate loads,, while the greater value is about 
right for long spans, designed for heavy loads. 



Fig. 87. Steel roof covered with ludowici tile. « 

Calculations of a series of simple Fink trusses resting on walls 
and having a uniform span of 60 feet, and different spacings gave the 
least weight per square foot of horizontal projection of the roof for 
a spacing of 18 feet, and the least weight of trusses and purlins com- 
bined for a spacing of 10 feet. The weight of trusses per square foot 
was, however, more for the lo-ft. spacing than for the i8-ft. spacing, 
so that the actual cost of the steel in the roof was a minimum for a 
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•Fig. 88. Types oe transverse bents. 
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usually control the spacing of the trusses so that it is not necessary that 
we know the economic spacing very definitely. 

For long spans the economic spacing can be increased by using 
rafters supported on heavy purlins, placed at greater distances than 
would be required if the roof were carried directly by the purlins. This 
method is frequently used in the design of train sheds and roofs of 
buildings where plank sheathing is used to support slate or tile cover- 
ings, or where the tiles are supported by angle sub-purlins spaced close 
together as shown in Fig. 87. 

TRANSVERSE BENTS. — The proper cross-section for a mill 
building will depend upon the use to which the finished structure is to 



Locomotive Shop- Oreqon Short liine 

Fig. 89. 

be put. A number of the common types of transverse bents are shown 
in Fig. 88. Transverse bents (a), (b), (d) and (h) are commonly 
used for boiler houses, shops and small train sheds. Where a travel- 
ing crane is desired, the crane girders are commonly suspended from the 
trusses in the bents referred to, although the crane may be made to 
span the entire building as in (h). Transverse bent (d) was used 
for a round house with excellent results. Transverse bents (f) and (g) 
are quite commonly used where it is desired that the main part of the 
building be open and be provided with a traveling crane that will sweep 
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the building, while the side rooms are used for lighter tools and mis- 
cellaneous work. Transverse bent (c) may be used in the same way 
as (g), by supplying a traveling crane. Transverse bent (e) is very 
often used for shops. 

Cross-sections of the locomotive shops of several of the leading 
railways are shown in Figs. 89 to 92, inclusive, and the locomotive shops 
of the A. T, & S. F., and the Philadelphia and Reading Railroads 
are described in detail in Part IV. For the most part these buildings 
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Locomotive Shop M & 3 . 

Fig. 90. 

are built with self-supporting frames, and have brick walls built out 
side the framing. The arrangement of the cranes, provisions for light 
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ing and ventilating, and the main dimensions are shown in the cuts and 
need no explanation. 



Locomotive Shop -Anr& 5 -F 
Fig. 92. 

A cross-section and end view o:C the train shed of the Richmond 
Union Passenger Station are shown in Fig. 93. Riveted trusses are 



TrAlo Shed— Richmond Unioa PaaaaB^er SUtioil. 

Fig. 93. 

quite generally used in train sheds ; a notable exception to this state- 
ment, however, being the trusses for the new train shed of the C. R. I. 
& P., and L. S. & M. S. Railways in Chicago. The trusses in this struc- 
ture have a length of span of 207 ft., a rise of the bottom chord of 40 ft. 
and a depth of truss at the center of 25 ft. The trusses are pin con- 
nected, the compression members being built up channels and the ten- 
sion members eye-bars. The building is described in detail in Engineer- 
ing News, August 6, 1903. 

Truss Details. — ^Riveted trusses are commonly used for mill build- 
ings and similar structures. For ordinary loads, the upper and lower 
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chords, and the main struts and ties are commonly made of two angles 
placed back to back, forming a T-section, the coimcctions being made 
by means of plates. The upper chord should preferably be made of 
unequal legged angles with the short legs turned out. Sub-struts and 
tics are usually made of one angle. Flats should iiot be used. Where 
a truss member is made of two angles placed back to back, the angles 
should always be riveted together at intervals of 2 to 4 feet. 

Trusses that carry heavy loads or that support a traveling crane 
or hoist, are very often made with a lower chord composed of two chan- 
nels placed back to back and laced or battened, and are sometimes made 
with ehannci chord sections throughout (see Fig. 175) • 

When the purlins are not placed at the panel points of the truss 
the upper chord must be designed for flexure as well as for direct stress. 
The section in most common use for the upper chord, where the purlins 
are not placed at the panel points, is one composed of two angles and a 
plate as shown in (c) Fig. 96. 



fa) (b) 

' Fig. 94. 

Trusses may be fastened to the columns by means of a plate as 
shown in (a) Fig. 94, or by means of connection angles as shown in 
(b) and (c). The first method is to be preferred on account of the 
rigidity of the connection, and the ease with which the field connection 
can be made. 
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Trusses supported directly on masonry walls have one end sup- 
ported on sliding plates for spans up to about 70 feet; for greater 
lengths of span one end should be placed on rollers, or should be hung 
on a rocker. Trusses for mill buildings should be made with riveted 
rather than with pin connections, on account of the greater rigidity of 
the riveted structure. The complete shop drawings of a truss for the 
machine shop at the University of Illinois, are shown in Fig. 95. This 
truss is more completely detailed than is customary in most bridge 
shops. The practice in many shops is to sketch the truss, giving main 
dimensions, number of rivets and lengths of members, depending on the 
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templet maker for the rest. In Fig. 95 the rivet gage lines are taken 
as the center lines. This is the most common practice, although many 
use one leg of the angle as the center line in secondary members. The 
latter method has the advantage of reducing the length of connection 
plates without introducing secondary stresses that are liable to be 
troublesome. 

The detail drawings of a transverse bent are shown in Fig. 96. 
The common methods of attaching purlins and girts, and of making 
lateral connections are also shown. The fan type of Fink Truss shown 
in Fig. 96 is quite commonly used where an odd number of panels is 
desired, and makes a very satisfactory design. The details of the end 
connection of a 6o-ft. span truss are shown in (a), and of a 45-ft. span 
truss with a reinforced top chord are shown in (c). Fig. 96. The 
method of reinforcing the top chord shown (c) is the one most com- 
monly employed where purlins are not placed at the panel points. The 
method of making lateral connections for the lateral rods shown in (c) 
is not good, for the reason that it brings bending stresses in a plate 
which is already badly cut up. 

The detail drawings of a saw tooth roof bent for the Mathiessen & 
Hegeler Zinc Works, LaSalle, III., are shown in Fig. 97. This building 
was erected in 1899 along the lines suggested by an experience with a 
similar saw tooth roof building erected in 1874. The building was de- 
signed by Mr. August Ziesing, Vice President American Bridge Co., 
and was erected by the American Bridge Co. 

The following description is from a personal letter from Mr. Julius 
Plegeler of .the firm of Mathiessen & IJegeler, to the author in reply to 
a request for plans: “The cast iron gutters are fastened to the pur- 
lins and roof boards by spikes through holes in the gutters (holes are 
not shown in the drawing) ; on account of their slope, however, hardly 
any fastening is necessary. These gutters are so placed that the gal- 
vanized iron down spouts are next to the posts, there being two down 
spouts at each post. The condensation gutters are fastened to the gut- 
ters and empty into the down spouts. Ice has never caused any trouble 
by forming in the gutters.” 
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Fig. 97. Cross-section of the shops of tpie Matpiiessen & Hegeefr 
Zinc Works, LaSalle, III. 


The original saw tooth roof shop built by this firm in 1874 is still 
in use, and is one of the first, if not the first, saw tooth roofs built in 
America. 

COLUMNS. — The common forrhs of columns used in mill build- 
ings are shown in Fig. 98. For side columns where the loads are not 
excessive, column (g) composed of four angles laced is probably the 
best. In this column a large radius of gyration about an axis at right 
angles to the direction of the wind is obtained with a small amount 
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of metal. The lacing should be designed to take the shear, and should 
be replaced by a plate, (f) -Fig. 98, where the shear is excessive, or 
where the bending moment developed at the base of the column requires 
the use of excessive flanges. The I beam column (h) makes a good 
side column where proper connections are made, and is commonly used 
for end columns (see Fig. 81). The best corner column is made of 
an equal legged angle with 4, 5 or 6-in. legs, (i) Fig. 98. Details for 
the bases of the three columns above described are shown in Fig. 99, 
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Fig. 98. Types oe miee buieding columns. 
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Columns made of two channels laced, or two channels and two 
plates, are used where moderately heavy loads are to be carried. Chan- 
nel column (a), with channels turned back to back and laced, is the form 
most commonly used; column (b), with the backs of the channels 
turned out and laced, gives a better chance to make connections and can 
be made to enter an opening without chipping the legs of the channel , 
column (c) is a closed section and is seldom used on that account. The 
cost of the shop work on column (b) was formerly considerably more 
than for column (a), for the reason that it vi/as impossible to use a 
power riveter for driving all the rivets. A pneumatic riveter is now 
made, however, that will drive all the rivets in column (b), and the 
shop cost for columns (a) and (b) are practically the same. 

Where very heavy loads are to be carried, columns (d) or (e) are 
often used. Column (d), composed of two channels and one I beam, 
is a very economical column and is quite often used as a substitute for 
the Z-bar column shown in (e), for the reason that it can be built up 
out of the material that is in stock or that can be easily obtained. Con- 
nections for beams are easily and effectively made with either columns 
(d) or (e). The special I beam column (j), with flanges equal to the 
depth of the beam, is now being rolled in Germany by the use of a 
process patented by an American, Mr. Henry Grey. This column makes 
an almost ideal column for heavy loads, since it has all the advantages 
of the Z-bar column with a very much smaller shop cost. The Larimer 
column (k) is a patented column manufactured by Jones & Laughlins, 
and is used by their patrons quite extensively. The Gray column (1) 
is a patented column and is but little used. Columns made of four 
angles box-laced, are used where extremely light loads are carried by 
very long columns. The shop cost of column (m) is somewhat less 
than that of column (n), although with small angles there is no dif- 
ficulty in riveting (n) with a machine riveter. Column (o) is a very 
poorly designed column, for the reason that the radius of gyration is 
very small for the area of a cross-section of the column. Columns 
made of two angles “starred” and fastened at intervals of two or three 
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feet by means of batten plates, are quite frequently used for light loads. 

Column Details. — The details of a 4-angle laced column attached 
to a truss are shown in Fig. 96 ; and the details of a 4-angle plate column 
are shown in Fig. 97. The details of bases for 4-angle, I beam and 
angle columns are shown in Fig. 99. 
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Shop details of a 4-angle column are shown in Fig. 100. This 
column was designed for a mill building with a span of 60 feet, trusses 
spaced 16 feet apart. The long legs'of the angles are placed out, to give 
a larger radius of gyration about an axis at right angles to the direc- 
tion of the wind. The details of a 4-angle and plate column, designed 
to carry a crane girder as well as the roof, are shown in Fig. loi. 

The details of a heavy column composed of two channels placed 
back to back and laced, are shown in Fig. 102 ; the lacing is heavy and 
is well riveted. The bent plate connections for the anchor bolts on 
this column are very satisfactory. This is one of the columns used in 
the A. T. & S. F. R. R. shops at Topeka, Kas., to carry the crane 
girders. 

The shop details of a light channel column are shown in Fig. 103. 
The single lacing alternates on the two sides of the column. The 
various details of the columns can be seen, and require no explanation. 
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.Mam Column in Qendin^ ond For3e Shop. 

Fig. 103a. 


■ Molo Sid® CoJumn «n B®rtdin3 and For90 Shop 

Fig. 103b. 


Details of columns designed to carry crane girders are shown hi 
Figs. 103a, 103b, 103c, and 103d, which have been taken from the 
Engineering Record. 
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The American Bridge Company’s specifications for lattice bars for 
single and double lacing are shown in Fig. 104. 
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Single lacing should make an angle of not less than 60 degrees, 
and double lacing, riveted at the center, not less than 45 degrees with 
the axis of the member. These specifications are standard. 

The properties of angles, I beams and channels, and of Z-bar, 
Larimer and Gray columns are given in the manufacturers handbooks. 
The moment of inertia of two channels placed back to back and laced, 
as in (a) or (b) Fig. 98, about an axis parallel to the webs and through 
the center of gravity of the section, is given by the formula 

I = 2 r + 2 Ad^ 

where /' = moment of inertia of one channel about an axis through 
its center of gravity and parallel to tlie given axis, A = the area of one 
channel, and d — distance from the center of gravity of one channel 
to the center of gravity of the column. The lacing is omitted in find- 
ing the moment of inertia and the area of the section. The moment of 
inertia of the column about an axis perpendicular to the webs is equal 
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to twice the moment of inertia of one channel, which may be found in 
llie laltle of properties of channels {fiven in the haiulbnoks, 

Ilavinpr tile moment of inertia I, the radius of ffyration of the 
column is given by the formula 

’■“V-i- 

With channels placed back to back and laced, the radii of gyra- 
tion about the two axes are equal when the clear distance is equal to 
about 3 inches for 5~in. channels, and to inches ftir :5-in. channels. A 
common rule is to space the channels about eight-tenths the depth. 
With channels placed with hacks out and laced, the radii of gyration 
about the two axes are equal when the clear distance is about etiuiil to 
5 iuclies for 5-in. channels, and 13 inches for 15-in, channels (see 
Cambria Steel, i(;o3 Ivlition, p. 217). 

The moment of inertia of a q-angle laced column, about an axis 
perpendicular to the lacing and through the center of the post, is given 
by the formula 

/ = 4/' -h 

where /' ■- moment of inertia of one angle about an axis through its cen- 
ter of gravity and (uirallel to the given axis, A 1= the area of one angle 
and d = the distance from tlie center of gravity of the separate angles 
to the center of gravity of the colimm. 'I'he moment of inertia about 
the other axi.s i.s found in a similar manner. 

STRUTS AND BRACING.— Kave .struts are very commonly 
made of four angles lacetl, made in tiie same way as the 4-angIc posts, 
Fig. urn. Fave struts made of single channels are more economical, 
and are e(|ually as good as the laced struts for most cases, Fiul rafters 
are commonly made of ehamiel.s. The sides, ends, upper and lower 
chords are commonly braced as shown in Fig. 81. The bracing in the 
plane of the lower elionls slimiUl preferably he niatle of memhers cap- 
able of taking coiiqire.ssion as well as tension. The diagonal bracing 
in iIk! [ilaiie tif sides, ends, and up(ier chords i.s commtinly composed of 
rods. Initial tension should always he thrown into diagonal rods by 


J 
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screwing up the turnbuckles or adjustable ends. Stiff bracing should 
be made short, and should be brought into position for riveting by using 
drift pins ; to accomplish this there should be not less than three rivet 
holes in each lateral connection. A connection for lateral rods to the 
chords of trusses is shown in Fig. 105. 



^ — 

/* *\ 

0000 j 

r—- 

0000 


Lateral Connection 
Fig. 105. 


Cast lateral lugs for connecting lateral rods to the webs of I 
beams and to heavy plates are shown in (a) and (b), Fig. 106. 



(b) 

Fig. 106. 


Where rod bracing in the ends and sides of buildings interferes 
with windows and doors, or where the building is to be left open, portal 
racing is used. In the latter case the bents are usually braced in pairs, 
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althougli the [lortal bracing is sonietiines niado conlimioiis. Stiff brac- 
ing is (fften placed l)eL\veeu the trusses in the plane of the center of 
the building and luatorially stiffens the structure (sec Fig. 175)'. 

PURLINS AND GIRTS.—Purlius are made of channels, angles, 
Z-bars and I beams, Fig. tii, where .simple sliapes are used. Channel 
and angle purlins should be fastened by means of angle lugs as shown 
in Fig. 107. I beam purlins are very often fastened as shown in the 
A. T. & S. F. R. R. shops, I'ig. 175. Z-bar purlins arc bolted direct- 
ly to the upi)er chords of the trusses. The channel purlin is the most 
economical, and the I beam purlin is the most rigid. Girts arc made 
of channels, angles, and Z-bars, and are fastened as shown in Fig. iii. 
Where the distance between trusses is more than 15 or 16 feet the pur- 
lins and girts should he keiit from sagging by running or J/^-inch 
rods through the centers to act as sag rods, the ends of the rods being 
fastened to the eaves and ridge (sec Fig. 81). 

'f 


Purlin Clip 
Fio. 107. 

Where the columns and trusses arc placed so far apart that the 
use of simple rolled shapes is no longer economical, purlins and girts are 
trus.sed. 

DESIGN OF PARTS OF THE STRUCTURE.— The methods 
of determining the .size.s of the various members in a mill building will 
he illu.sirated by a few examples. For a more detailed treatment of this 
subject, .see '‘Modern Framed Structures" by Johnson, Dryan and 
Turneatirej "Rnof.s and Ilridges’’ by Merriman and Jacoby; and other 
standard works on bridge design. 

Manufacturers of atructural material issue handl*ooks which con- 
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tain tables that give weights, areas of sections, positions of centers of 
gravity, moments of inertia, radii of gyration, etc., for the shapes 
manufactured by the different companies. Tables are also given for 
the resisting moments on pins, the shearing and bearing values of rivets, 
standard bolts, eye-bars, bridge pins, standard connection angles, bear- 
ing plates, minimum size of rivets, spacing of rivets, and many other 
useful tables. The handbooks best known are as follows, the popular 
name being given in brackets : Cambria Steel (Cambria), issued by the 
Cambria Steel Company, Johnstown, Pa. ; Pocket Companion (Car- 
negie), issued by the Carnegie Steel Company, Pittsburg, Pa.: Stand- 
ard Steel Construction (Jones & Paughlins), issued by Jones & L,augh- 
hns, Limited, Pittsburg, Pa.; Steel in Construction (Pencoyd), issued 
b}- A. and P. Roberts Company, Philadelphia ; and Structural Steel and 
Iron (Passaic), issued by the Passaic Rolling Mill Company, Pater- 
son, N. J. These books can be obtained for from 50 cts. to $2.00. The 
American Bridge Company issued, in 1901, a book entitled Standards for 
Structural Details, for use at its various plants. 

The Carnegie handbook was formerly very generally used in de- 
signing offices, but recently the supply has been limited so that the Cam- 
bria handbook has taken its place in schools and in many offices, and 
for this reason references will be made to Cambria in obtaining weights, 
properties of sections, etc. All references to Cambria will be to the 
1903 edition. 

Design of Trusses. — The method of determining the proper sizes 
of the truss members will be illustrated by designing a few of the 
members of the truss in the transverse bent of the mill building shown 
in Fig. S3 ; the stresses in which are given in Table VI. The secondary 
members will be omitted from the truss in the design, as they were in 
obtaining the stresses. 

The material will be assumed to be medium steel and the allow- 
able stresses as given in Appendix I, will be takfn. The allowable 
stresses are as follows: 


Tension 16,000 lbs. per sq. in. 

Compression 16,000 — 70 /-t- ribs, per sq, in. 
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where /. — . the length o£ the member in inches, and r ™ radius of gyra- 
tion of member in inches. 

Rivets and Pins, hearing 2n,oon His. per sq. in. 

Rivets and I'ins, sliear 11,000 “ “ “ “ 

Pins, hendiiig on e.xtreme fdire 24,000 “ “ “ “ 

Plate Oirder webs, shear on net section 10,000 " “ " *' 

Compression Members. 

Piece ,v-a. Maximum stre.ss -|- 34,300 l])s. 

The upper chord will he made of two angles with unequal legs 
placed back to back, with the shorter leg.s turned out, and separated by 
Js-inch guH.scL or connection plate.s. 

Try two 4" X 3" x 5- id" angles. From table on page 187 Cambria, 
the least ra<lius of gyration, r, is 1.27 inches. The unsupported length 
of the niemher is 8.5 feet, and I \ r es 102-^-1.27 ==■' allow- 
able stress {)er square inch ; 16,000 — 70 r = 16,000 — 5,600 = 

10,4(K) lbs. 'I'he area required will he 34,300 10,400 “ 3,3 sq, in. 

The combined area of the two angles is 4.18 sq. in.s. (iwge 170 Cam- 
bria), which is somewhat large. 

Try two :^Yi" X 3" x 5-16" angles. From the table on page 186 
Cambria, r e.2 i, 10 inches; then / - : r = 93, and allowable stress is 
l6,(XX) -- 7a X 93 q.qcKi lbs. per sq. in. Retpiircd area “ 3.62 set. in. 
The area of the two angles is 3.88 sq. in,, so the section is sutTicicnt. 

To make the two angles act together as one piece it is ncce8.sary to 
rivet them logellitT at intervals, such that tlie two angles acting singly 
will be strfinger tiuin the two angles acting together. On page 170 
Camliria, the least radius of gyration of a 3)4" x 3" x 5-16" angle about 
a iliagnnal axis is 0,63 inches. 'I'he angles must therefore he riveted 
at least every 0.63 x 93 ^ 58.6 inche.s. It bs the common practice to 

rivet angles in compression ahout every 3)4 to 3 feet, >■' 

:JJ. I-. u,-, 

The truss will he ship|)ed in two parts and in order to avoid a 
siiHce, an«l Iwcause llic difference in the slrcaaes is small, tlic entire top 
chord will be made of two 3^" x 3" x 5-16" angles. 
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Tension Members. 

Member 1-2. Maximum stress = — 24,900 lbs. 

The net area required is 24,900 -f- 16,000 = 1.56 sq. in. The 
gross area of the section must be such, that there will be a net area of 
not less than i . 56 sq. in. after the area of the rivet holes in any section 
has been deducted. 

Try two 3" X 3" X angles. It will be necessary to deduct the 
area ^6f one rivqt-^hofe from each angle. The diameter of the rivet hole 
deducted is taken inch larger than the diameter of the rivet before 
driving. Assuming the rivets as ^ inch, it will be necessary to deduct 
o.ig sq. in. from each angle (page 310 Cambria). The net area of two 
3" X 3" X 14” angles is 2.88 — 0.38 = 2.50 sq. in. The section is 
somewhat large, but will be used, for the reason that angles much 
smaller than these will be deficient in rigidity. 

The angles will be riveted together about every 3 feet to make them 
act as one member. 

Member 5-6. Maximum stress = — 5,000 lbs. 

The net area required is 5,000 -j- 16,000 = 0.32 sq. in. The gross 
area of the section must be such that there will be a net area of at least 
0.32 sq. in. after the area of the rivet holes in any section has been 
deducted. 

Try two 2" x 2" x angles — the minimum angles that can be 
used under the specifications. Deducting the area one riyel the net 
area is 1.88 — 0.38 = 1.50 sq. in. The section appears to be exces- 
sively large and one 2" x 2" x angle will be tried. Where angles 
in tension are fastened by one leg the specifications require that (para- 
graph 35) only one leg shall be counted as effective, or the eccentric stress 
shall be calculated. The net area of the one 2" x 2" x )4 " angle when 
fastened by one leg, will then be )^.94 — 0.19 =0.28 sq. ins., which 
is insufficient. One 2 ) 4 " x 2 ) 4 " x ) 4 " angle will have a net area of 0.40 
sq. in., which will be sufficient. However, since it is preferable to make 
tension members of symmetrical sections, the member will be made 
of two 2" X 2" X ) 4 " angles. 
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Alternate I'ensuin ami Conif'ression . — -Where nicnihcrs are subject 
rilteniate tension and coiniiressicm tlie speeificalions requhx that they 
tlesifjnecl to take each kind of stress, (parai^rai)ii 32). 

Member 4-31. Maxiinnm stresses (-- 2i,3cx) and 4-2600 lbs), 

'I ry two 3" X 3" X j.|" anttles • — the same as member 1-2. The 
, area retiuired for tension is 2 i, 3(K) ■ ; 16,000 er. 1.34 sq. in. 

The net area of two 3" x 3" x angles is 2.88 — 0.38 = 2.50 
in. which is ample for tension. 

The least radius of gyration is r o.q3 inches (page 185 Cam- 
n). I.ength “ 108 inche.s, an<U -! r =3 1 17. The allowable stress 
r .square inch ■ ifi.wx) — 70 x 117 8,810 lbs. Required area = 

30 .sq. in, 'I'he .section a[t[iears to be large, but it can not be made 
tch .smaller without exceeding the maximum limit of 125 for / r. 
VO 3" K X j.)" angles will he found hy a similar calculation to be 
iTieiemly large, and will be u.sed. 

Member 3-q. Maximum .stres.scs (•-- 10, goo and 4^ 13,600 lbs). 
Try two 4" X 4" X J j" aiigle.s. The area required to take tlic ten- 
tn is tfi.ux) '• o.fkj sq. in. The net area of the two 

:gleH is t .HH • - 0.3H 1 ,50 s(| in,, which is ample for tension. The 

tst nnlins of gyration is r a.6t inches (page 185 Cambria). The 
igth is joH inches, and / : r - 177. This is greater than the niax- 

unii rdlowetl of J45, anti a larger section must be ii.sed. 

Try two 3" X 4 " x j,4'' angles, with .short legs out. In tins case 
^ r etpials 108 : t5.8g . : 140. The allowahle stress per sti, in. is 
»,tKX) 70 X 140 y/KK) lbs. The required area for compression is 
j,cxx) : 7,toj t ,y<) .stp in. The area of the two angles i.s 3.38 .sq. 

which is ample. The sectitm h siifTicienlly large to take both ton- 
nti atul etnnpressieni, ami will he u.sed. 

DcBlgn of Columns.— t’olmnns mu.st be designed to take the 
ress due to tlirecl lo.'uliug, to eccentric loading, and to wind moment, 
lie inethml of ctilninn ilesig'n will be illiustraled by the design of tlie 
tnvard ettjumn in the transverse Iwnt shown in I'ig. 561 the stresses for 
Ittcli are given in Table VL 
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Direct stress in A-17 = 14,900 lbs.; and bending moment = 
924,000 inch-lbs. A 4-angle laced column will be used. 

Try four 4" x 3" x 5-16" angles, long legs out, and a depth of 
18" out to out of angles ; lacing and connection plates will be used. 

The radius of gj'ration of two 4" x 3" x 5-16" angles with the long 
legs out, is found on page 189 Cambria to be 1.93 inches. 

The moment of inertia of a section of the post about the shorter 
axis is 

I = 4 I' -{- 4 

= 4X 1.65 -j- 4x2.09 (9.00 — 0.76)“ 

= 574.24 

and the radius of gyration is 

I 574.24 _ - . , 

r= -J — g =8.3 inch.es. 

The maximum fibre stress will occur on the windward side of the 
post and will be found by substituting in formula (30a) to be 

, , , , 14,900 . 924,000 X 9 

f-h-rfi - 8.36 14,900X 240“ 

280,000,000 

= 1780 -f 14,560 = 16,340 lbs. per square inch. 

The allowable stress per square inch for direct loads is 16,000 — 
70 I r = 16,000 — 70 x 29 = 14,000 lbs. ; and since the wind mo- 
ment comes only occasionally we will increase the allowable stress for 
direct loads by 25 per cent when wind loads are considered, making an 
allowable stress of 14,000 x 1.25 = 17,500 lbs. per square inch. The 
section chosen is therefore sufficiently large. 

The direct load will have to be carried by the column, and it will 
be necessary to investigate the column about its longer axis. For this 
case l-i-r = 240 i . 93 = 125, which is allowable under the specifica- 
tions, and the section is ample. 

The lacing will be designed to take the shear, which is 5,500 lbs. 
below and 12.800 lbs. above the foot of the knee brace. The maximum 
stress in the lacing will be 12,800 x sec 30° = 14,700 lbs. The al- 
lowable tensile stress per square inch will be 16,000 x 1.25 = 20,000 
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Inches. Incbea. 


TABLE XL 

Rivet spacing in angles. 


Max. 

Rivets. 

Inches. 



L If 


Leg. G^ Max. 

V6td« 

Inches. Inches. Inches. Inches. 


3 3 

2K 3 

2M 

2 IM 


Where 6" Angle jEJxceeds 





TABLE XII. 

Maximum size oe rivets in beams, channels, and angles. 


I-BEAMS. 


CHANNELS. 


Wtlgllt BUS' 
per ol 
Foot. Elyot, 
Pounds. loohis. 



ANGLES. 


X 2^^ 

Vi 

'A 3 
3^ 

'A 4 

A 

A 5 
A 6 
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TABLE XIII. 

Rivet spacing. 


size 

ot 

Elvat. 

mail at. 

lUnlmuin 

Pitflii. 

iQobea. 

Maximum Pltcli at 

£nda ot 
Gompresalon 
UamlMra. 

Inohea. 

Uinlmtm Fltsh it 

Flinget ol 
dliOKls ltd Slrl’s. 

Inches. 

Dlstanae from Edgs of Pleofi to 

Oantfirof RIvstHola. 

Minimum. 

Inotes. 

Uaual, 
loot) fit. 

X 
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TABLE XIV. 

Shearing and bearing vaeob oe rivets in pounds. 



All bearing values above or to right of upper zlzgag lines are greater than double shear. 
Values below or to lelt ol lower zlgzog lines are less than single shear. 


lbs. The required net area for tension will be 14,700 20,000 = 0.74 

square inches. The gross area of a 3" x bar is 1 . 125 square inches 
(page 388 Cambria) and the net area after deducting for one Ya," rivet 
is 0.795 square inches (page 310 Cambria) which is sufficient for 
tension. 
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The allowable stress for compression is (16,000 — 70/-7-?') 1.25. 
The moment of inertia of a 3" x -K" bar is 0.0135, and the radius of 
gyration is o.ii inches. The ends of the lacing bars are practically 
fixed, and it will be assumed that the length c. to c. of rivets will 
as a result be shortened by one-half. Then l~r = 75, the allowable stress 
will be 13,340 lbs. and the required area i.io square inches. The lac- 
ing bais are therefore sufficient to take either the tension or compression. 
Lacing bars 2>^" x .} 4 " will be found sufficient below the foot of the 
knee brace. 

The allowable shear on each rivet in the lacing will be (Table XIV) 
4860 X 1.25 = 6,07s lbs.; and the allowable bearing will be 6,igo x 
I • 25 = 7>740 lbs. The stress in the lacing bars below the foot of the 
knee brace is 5,500 x sec 30° = 6,300 lbs.; the ^-rivets are all right 
for bearing but are not quite large enough for shear, however it is so 
near, that they will be used. Above the foot of the knee brace it will be 
necessary to increase the thickness of the lacing bars and put two rivets 
in each connection as shown" in Fig. 102, or use a solid plate. 

In designing the bases of columns hinged at tlie base, part of the 
stresses may be assumed to pass directly to the base plate if the abutting 
surfaces have been milled ; but in columns fixed at the base all of the 
stresses must be transferred by the rivets. The rivets must be designed 
to take the direct stress and the stress due to bending moment ; the so- 
lution is similar to that for anchorage (Fig. 61) and will not be given. 

Design of Plate Girders. — The maximum moments and shears 
are found as described in Chapter X. If the plate girder were de- 
signed by means of its moment of inertia, as in the case of rolled sec- 
tions, about Yf, of the web would be effective as flange area to take 
the bending moment ; or deducting rivets about would be found ef- 
fective. It is, however, the common practice to assume that all the 
moment is taken by the flanges, and that all the shear is taken by the 
web ; and this assumption will be made in the discussion which follows. 

Flange Stress , — The stress, F, in the flanges at any point in a 
plate gprder is 


F = M 


(80) 
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where M = bending moment in inch-pounds, and h — the distance 
between centers of gravity of the flange areas (effective depth), (a) 
Fig. io8. 

The net flange area, A, will he A =: P -i- f where f ~ the allow- 
able unit stress. The tension flanges of plate girders are designed as 
above, and the compression flanges are made with the same gross area. 
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Fig. io8. 



Web . — The web plate should not be less than 5-16 of an inch in 
thickness although j^-inch plates may be used if provided with suf- 
ficient stiffeners. The shear in the web is commonly assumed as uni- 
formly distributed over the entire cross-section of the plate. 

Stiffeners . — There is no rational method for the design of stif- 
feners. If they are placed at distances apart not exceeding the depth 
of the girder, nor more than 5 feet, where the shearing stress is greater 





Design of Plate Girders 


233 


than given by the formula — allowed shearing stress = 12,500 — 90 H, 
where H = ratio of depth to thickness of web plate, the stiffeners will 
be near enough together. Where the shearing stress is less than given 
by the above formula, stiffeners may be omitted or spaced as desired, 

Stiffeners are commonly designed as columns, free to move in a di- 
rection at right angles to the web, with an allowed stress P = 12,000 — 
55 f Stiffeners should be provided at all points of support and un- 
der all concentrated loads, and should contain enough rivets to transfer 
the vertical shear. 

Web Splice. — In the plain web splice shown in Fig. 108, the rivets 
take a uniform shear equal to 5 -r- m, where 5 is total shear, and n 
is number of rivets on one side of splice, and a shear due to the shearing 
stress not being applied at the center of gravity of the rivets. This is 
the problem of the eccentric riveted connection, which has been dis- 
cussed in Chapter XV. 

If the web is assumed to take part of the bending moment there 
will be an additional shear due to bending moment. 

Rivets in the Flanges. — In Fig. 108, let S = the shear in the girder 
at the given section, h' = distance between rivet lines, p = the pitch of 
the rivets, and r = the resistance of one riVet (r is usually the safe 
bearing on the rivet in the web). 

Then taking moments- about the lower right hand rivet, we have 

Sp = rh', and p = rh' ^ S (81) 

Where the rivets are in double rows as shown in (d), the distance 
h' is taken as a mean of the distances for the two lines. 

The crane loads produce an additional shear in the rivets, (e) Fig. 
108, which will now be investigated. We will assume that the rail dis- 
tributes the load over a distance of 25 inches; this distance will be less 
for light rails and more for heavy rails^ The maximum vertical shear 
on one rivet will be Pp -F- 25 = 0.04 Pp. The horizontal stress due to 
bending moment is r —(^Sp -t- h'j and the resultant stress from the two 
sources will be 
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and solving for p 


V 


r' 


(0.04 />)»+(—)■ 


ic. 


(82) 


Crane Girders. — The maximum moments and shears in crane gir- 
ders are found as explained in Chapter X. For small cranes I beam 
girders are commonly used, and are designed by the use of their mo- 
ments of inertia. Plate girders are designed as previously described. 
In designing both rolled and plate girders care must be used to proper- 
ly support the girder laterally. 
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CHAPTER XVIII. 


CORRCJGATKa STKIjr,. 

Introduction. — Corrugated .stcjcl i.s made from sheet steel of stand- 
•cl gage.s, and is either galvanized at the mill or is left black. The 
ack corrugated steel is usually painted at the mill and is always paint- 
1 after erection. Paint will not adhere well to the galvanized steel 
;itil after it has weathered unless a portion of the coating is removed 
/ the application of an acid. The common standard for the gage of 
icet steel in the United States is the United States Standard Gage, 
id this should be used in specifying the weight and thickness. The 
iicl<ncs.s and weights per scjuare of roo square feet, for black and gal- 
anized sheet and corrugated steel arc given in Table XV. The weights 
f the corrugated steel given in tlic table arc for standard corrugations, 
pproxinmtcly a]/j inches wide and ^ of an inch deep. If black sheet 
:cel is painted, add about 2 lbs. per square. 

TABLE XV. 

Vi^rOKT OV VIM, AND CaUUUOATRU STBRI, SIIRltTS WITH 2j^-INCII 

CORRUGATIONS. 



Thickness 

In 

inchas 

VVelQbL 




“Flat ISFeeta 

Corruodred 

Sheetai 1 


iMaBsnB 


agiEialMu 

/6 

.06id 


iOO 

i75 


le 



i/6 

no 

i56 

iO 

.0373 

EH 

/66 

763 

/di 

n 

.0315 


/4/ 

730 

734 

i4 

.QiSO 

■SB 


/// 

/i7 

id 

.O/dS 

BH 

9/ 

$4 

99 

id 

.0/30 

BHi 

79 

69 

06 


Corrugated steel Is also made with corrugations 5, 3 and i}i 
nches wide approximately, Cornigated steel with corrugations i }4 
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inches wide and ^ of an inch deep is frequently used for lining build- 
ings. Corrugated steel with i 34 -inch corrugations weighs about 4 per 
cent more than steel of the same gage with 2j4-inch corrugations. Cor- 
rugated sheets are commonly made from flat bessemer steel sheets, by 
rolling one corrugation at a time. Iron and open hearth steel corrugated 
sheets can be obtained, but are very hard to get and cost extra. 

The standard sheets of corrugated steel with 23^-inch corrugations, 
are 28 inches wide before, and 26 inches wide after corrugating, and 
will cover a width of 24 inches with one corrugation side lap, and ap- 
proximately 2ii^ inches with two corrugations side lap, (c) and (a) 
Fig. 109. Special corrugated steel can tisually be obtained that will 
cover a width of 24 inches with corrugations side lap, (b). Cor- 
rugated steel should be laid with 6 inches end lap on the roof and 4 
inches end lap on the sides of buildings. 


CorruqaTed Roof Steel ' 

Side Lap 2 Corrugations 

--- Covers Covers £//' ^ 

1* 2/ "- »j - ^8'WeVe Mfore corrui^arir^ 

r~86" » afrer >• 

ia) 

Special Cor- Roof Steel 
Side Lap li Corrugations 
— Covers 24“- *+* - Covers 24'' 

I ^ 


'-J 1 [< -30 “w/ae before corrugat/n^ 

x^ 272" " rtfrer " 
for Roof 6" 

(b) 

Corrugated Siding Steel 
Side Lap I Corrugation 
— Covers 24“-^- Covers 24 ’ \ 



\>-28"wiare before cor rugat/ng 
^26" ” after » 

Cnat Lap forC/ctes -4 " 

(C) 

Fig. 109. 
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vStock lengths of corrugated steel sheets can be obtained from 5 
to 10 feet, varying I)y one-half foot. Sheets of any length between 4 
and 10 feet can usually he obtained directly from the mill without extra 
charge. vSlieets from- 48 to 5 inches long, cost from l-io to J/!; cents per 
pound extra. Sheets from 10 to 12 feet long are very liard to obtain 
and cost extra. Sheets cannot he obtained longer than 12 feet. Stock 
lengths of sheets shoukl he used whenever possible as odd lengths often 
delay llic filling of the order. Ilcvcl sheets should preferably be ordered 
in multiple lengths and should he cut in the field. Sheets to fit around 
windows and doors should he cut in the field ; no part of a sheet less 
than the width of a full sheet should ever be used. 



For cutting and splitting corrugated sheets in the field the rotary 
.shear shown in Fig. no i.s invaluable. It will make square or bevel 
cuts, or will .split sheets without denting the corrugations. The shear 
shown in I'ig. no is one made liy the Gillette-llerzog Mfg. Co., Min- 
neaiKilis, IMinn,, and was used by the author in the erection of a steel 
stamp mill in Northern Michigan, while in the employ of the above 
named company. The shear is not on the market, but can be made in 
any ordinary machine Hhof) at a comiiaratively small cost. 

Fastening Corrugated Steel— Where spiking strips arc used, the 
corrugated .steel is fastened with 8d liarhcd roofing nails % to 
inches long, spaced G to 8 inches aimrt. Tlic 2f/l-inch barbed nails 
.sliould lie used for nailing to spiking strips and to sheathing whenever 
possible. For weight of barlied roofing nails see Table XVI. 



32S 


Corrugated Steel 


TABLE XVI. 

Number of barbed roofing nails in one pound. 


Size 

Lcrijfth 

inches 

Gnge 

Nn. 

No. In 1 
one lb. 

1 

size 

Length 

Inches 

— 

Qago 

No. 

No. in 
one lb. 

4d 


13 

339 

20d 

4 

6 

30 

6d 

2 

12 

205 

30d 


6 

23 

8d 

2'A 

10 

96 

40d 

5 

4 

17 

lOd 

3 

9 

63 

50d 

S'A 

3 

13 

. 12d 


8 

52 

60d 

6 

2 

10 

16d 

3^ 

7 

38 






The common methods of fastening corrugated steel directly to 
the purlins and girts are shown in Fig. in. Nailing pieces should pref- 
erably be used where anti-condensation roofing, Fig. 127, is used, or 
where the sides are lined with corrugated steel. The clinch nail is prob- 



Fig. III. Methods of fastening corrugated steel to purlins 


AND GIRTS. 


ably the most satisfactory fastening for the usual conditions. The side 
laps are fastened together by means of copper or galvanized iron clos- 
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I'npf rivets, spaced aliout 8 to 12 inches apart on the roof and about 2 
feet aiiart on the aides. 

Clinch nails are made of % inch or No. 10 soft iron wire and are 
clinched around the inirlin. The usual sizes and wei{^hts of clinch nails 
for different len^fths of aiif^le and channel [)urlins are p;lven in lug. III. 
Care should he used in punching the holes in the corrugated steel for 
clinch nails and rivets to get them in the top of the corrugation.s and 
to avoid making the hole unnece.ssarily large. Clinch nails are spaced 
from 8 to ra inches apart. Two clinch nails arc usually furnished for 
each lineal foot of purlin and girt. 

Straps are made of No. 18 gage steel, ->4 inches wide, and are 

TABf jc xvn. 

Nt^^^^EK OP coi-i'icR nrvirrtt in one pnuNn, 


niitm- 
r'tcr 
Oiiirn 
^ N ti. 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 

15 

fastened witli two 3-ir)-inch stove holts inches long. Straps arc 
spaced 8 to jj inches apart. One strap and two bolts are usually fur- 
nished for each lineal fcxit of purlin and girt. One bundle of hoop 
steel for making strains contains 400 lineal feet aiul wcigh.s 50 lbs. 

Clip.s are made of No. ifi gage .steel, x 2^", and are fastened 
with two 3”i6-incli .stove bolts inches long. Clips are spaced from 
8 to 12 inches apart. One dip and two bolts are usually furnished for 
each lineal foot of purlin and girt, 
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Copper rivets weighing about 6 pounds per looo rivets have com- 
monly been used for closing rivets ; but galvanized iron rivets made of 
veEy soft wire and weighing about 7 pounds per 1000 rivets are fully 
as good, and cost 7 cents per pound in 1903 as compared with about 
25 cents per pound for copper rivets. The weight of copper rivets is 
given in Table XVII. 

Strength of Corrugated Steel. — ^The safe load per square foot for 
corrugated steel supported as a simple beam, for sheets with 2^-inch 
corrugations and of various gages is given in Fig. 112. This diagram 
IS based on Rankine’s formula 

32shht 


where IF =2 safe load in lbs.; 

S' = working stress in lbs. ; 
h = depth of the corrugations in inches ; 
b = width of the sheet in inches; 
t = thickness of the sheet in inches ; 

I = clear span in inches. 


W=^ 5 t !bt 

W ^totaisafe hexf 
S —v/orking stress-fZ.OOOlbs, 
h of corci/gavort^ins. 

b ^ widfh of sheet, ins. 
t ‘^thickness sheets ins. 

I =* eJear span^ ms. 





SpoOjZ-jinft. 


Fig. 1 12. Safe uniform load in pounds for corrugated steel fur 

DIFFERENT SPANS IN FEET. 

A summary of experiments to determine the strength of corrugated 
steel made by the author’s assistant, Mr. Ralph H. Gage, is given in 
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Table XVIII. The coefficient C in column 8 depends on the angle that 
the metal makes with the horizontal axis and varies as follows; angle 
of 30°, C = 0.278 ; 45°, C = 0.293 ; 60°, C = 0.312, and for 90°, C = 
0 . 393 - 

TABLE XVIII. 

Summary of experiments to determine the strength of cor- 
rugated STEED.* 


1 

2 

3 

4, 

5 

a 

7 

8 

& 

xo 

No. 

Width 


Thick- 

Angle 


Tensile 

Gage's 

Actual 

Eanklne’s 

of 

Dej^th 

ness 

of 

Span 

Strength 

Formula 

Brkng 

Formula. 


Corru- 

t 

Metal 

/ 

Ib.s. per 
sq, in. 

eShbt 

Load 



t;uUous 



with 


IV 


Ins. 

Ins, 

Ins. 

Axis 

Ins. 

lbs. 

lbs. 

lbs. 


1 

2. so 

0.602S 

.0588 

Sg”!!' 

44.0 

58,000 

643 

630 

597 

2 

2 . so 

0.612 

.0568 

39 ° 10 ' 

44.0 

58,000 

632 

630 

587 

3 

2. SO 

0.62S 

.066 

39° 30' 

44.0 

58,000 

745 

720 

692 

4 

2. SO 

0.606 

WtKwa 

40° 42' 

44.0 

58,000 

725 

■rfllil 

670 

S 

2.88 

O.6S0 

.0367 

36° 0' 

43.25 

67,000 

505 

500 

475 

6 

2.88 

0.6SO 

.0366 

36° O' 

44.0 

67,000 

494 

490 

465 

7 

2. SO 

0.630 

.0366 

36° 0' 

44.0 

50,000 

358 

350 

335 

8 

2.50 

0.61 

.0365 

36° O' 

44.0 

50,000 

344 

340 

324 

9 

1.-2S 

0.27' 

.0365 

36° 0' 

24.0 

50,000 

281 

300 

262 


1.2s 

0.27 

.0365 

36° 0' 

24.0 

50,000 

281 

295 

262 

11 

1.25 

0.27 

.0293 

36° 0' 

24.0 

50,000 

225 

200 

211 

12 

1.2s 

0.27 


36° 0' 

24.0 

50,000 

225 

195 

211 

13 

1.00 

0.18 

.0291 

36° 0' 

24.0 

50,000 

298 

310 

279 

14 

1.00 

0.18 

.0291 

36° 0' 

24.0 

50,000 

298 

300 

279 

IS 

1.00 

0.18 

.026 

36° 0' 

24.0 

■.-amiiiiM 

266 


250 

16 

uyii 

0.18 


36° 0' 

24.0 

50,000 

266 


250 


The actual breaking load agrees in most cases more closely with 
Gage’s formula than with Rankine’s, although the latter is more often 
on the safe side. 

Purlins are commonly spaced for a safe load of 30 lbs. per square 
foot as given in Pig. 112; if the purlins are spaced farther apart than 
this, the steel will deflect a dangerous amount when walked on, and will 
leak snow and rain. Girts should be spaced for a safe load of about 25 
lbs. per square foot. From an inspection of Fig. 112, it is evident that 
corrugated steel lighter than No. 24 is of little use for mill buildings. 

•For details of experiments see article by Ralph H. Gage, In the Teohnograph, 
No. 17. 
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Corrugated steel of No. 26 or 28 gage is so thin that it soon rusts out 
and should never be used unless for lining cheap buildings. 

Corrugated Steel Details . — Ridge Roll . — The ridge roll most 
commonly used is made from No. 24 flat steel, and has a aJ/^-inch roll 
and 6-inch aprons. It comes in 96-inch lengths and should be laid with 
3 inches end lap. Plain and corrugated ridge roll are used (see Fig. 


Ri'dqe Roll 






Gable Cornice Eave Cornice 



6'P^ 


Flashing for SiacK 

^'F/ar 3/ee/ 


Flashing 




Outside Corner Finish 


PLAIN RIDGB CAP. 



corrugated RIDGB ROLL, 


PLAIN RiDCB ROLL 




CORRUGATED END VALL FLASHING. 




CORRUGATED SDE FLASHING. 


Fig. 1 13. 



Flashing 
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113). Ridf^c mil is fasU'iic'd willi rivets or nails spaced 6 to 8 inches 
aiiarl. 

/'/(I.?/u'h,(,l— -I'lasliiiijf is used where the roof changes slope, around 
chiniueys and openings in the roof, and over windows and doors, and 
slionltl he of snllieient dimensions and so arranged that at least 3 inches 
vertical height is olitained between the edge of the flashing and the 
end of llie corrugated steel roofing. Vertical and horizontal scams of 
all flashing should he closely riveted. F'lashing is made from flat sheets 



BAVBS TROUGH HANGERS 
Fig. 1 14. 
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of the same gage as the corrugated steel, and can be obtained tip to 96 
inches in length. Flashing is made both plain and corrugated (see 

Fig- 113)- 

Corner Finish . — Corner finish is made in various ways, three of 
which are shown in Fig. 113. Other methods are shown on the suc- 
ceeding pages. 


'Adjustah/e ha/i^r 
every 4'-0". 


Hanqinq Gutter 


Fig. 1 15. 


Hanging Gutter 





R/ '/eh Bfoc/< /n Gutter 


'■Adjustable honyer 
every d'-O". 


Hanqinq Gutter 


Box Gutter 


Fig. 1 16, 


Gutters and Conductors . — Gutters for eaves are ordinarily made 
from No. 24, and valley gutters from No. 20 galvanized steel. Gutters 
may be obtained in even foot lengths up to 10 feet, and should have 
4-inch end laps. Special flat sheets up to 42 inches in width can be 
obtained for making gutters and details. 
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Tlu' cfiiiinitiD sizes (if halt rouiul f^nUers made by the Garry Iron 
and v^leol U(Hilin{? Co., Cleveland, Ohio, are shown in Fig. 114. Two 
conunon forms of adjustable hangers arc shown in (a) and (b) in 
Fig. ti4. 

Tsvo forms of hanging giiller.s are sliown in Fig. 115 and one form 
of a lianging, and a box gutter used with lirick walls arc shown in Fig. 
116. 

A .standard form of valley gutter is .shown in Fig. 117. Extreme 
care .should be used in making valley gutters to sec that the sides are 
carried well ii[), and that the laps are well soldered. 


^ W r m 10 to /5 ('/'P 



Valley Gutter 

Fm. 1 17. 

Conductor.s arc made jilain round or square, and corrugated round 
or .stiuare. Corrugated conductors arc to be preferred to plain conduc- 
tors for the reawifi that they will give when the ice freezes inside of 
them, and will not hurst as the other.s often do. Common sizes of round 
pipe are V, 3“, 4", 5", and 6" diameter. Common .size.s of square 
pijK’ are iH" x 2}4‘', x ayj" x 4%" and sKt" x S". 

equal In 2", 3" and 4" round piite, re.spectively. Conductor pipes are 
fastened with hooks or by means of wire. 

fhwign of Gtilfers mid Conductors.~~Thc specifications of the 
Ameriesin llridge Company for the design of gutters and conductors 
are as follows: 
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Span of roof. Gutter. Conductor, 

up to 50' 6" 4" every 40' 

50' to 70' 7" 5" “ 40' 

70' to 100' 8" 5" “ 40' 

Hanging gutters should have a slope of at least i inch to 15 feet. 

The diagram in Fig. 118 for the design of gutters and conductors 
was described in Engineering News, April 17, 1902, by Mr. Emmett 
Steece, Assoc. M. A. Soc. C. E., City Engineer of Burlington, Iowa, as 
follows : — 



"The curves are for pitch or flat roofs, to full pitch or domes. 
The areas are reduced to plan as shown. The minimum sizes of circu- 
lar and commercial rectangular conductors are given on the left side 
of the diagram and the sizes and the minimum cross-sectional areas of 
square gutters are given on the right hand side. 

To use the diagram : Assume an area of roof, say 30 x too ft., or 
3000 sq. ft., E2 pitch and one conductor for the whole area. Note the 
intersection of the vertical over area 3000 and the curve of ^ pitch ; 
following thence the horizontal line to the left it strikes a diameter of 5 
ins. for circular, or over 3^4 x 4 ^ i^is. for commercial size. The next 
larger size would be used. The minimum cross-sectional area of gut- 
ters is shown on the right to be about 30 sq. ins., and the side of a 
square conductor about 4 . 5 ins.” 

This diagram was based on a maximum rainfall of 1.98 inches 
per hour. 



COUNICK 


237 


I'.iij'lish praclicc- is as follows: Kain-walor or down-pipes should 
have a linre or inlvnial area of at least one. s(piare inch lor every 60 
square feel of roof surface in temperate climates, and about 35 
scpiare feel in Iropical climales, They should he placed not more 
than JO feet apart, and should have ffulters not less in \lth than 
twice the diameter of tlie pipe. 

The practice amouft; .\merican architects is to provide about one 
square inch of eomluelor area for each 75 square feet of root surface; 
no conductor less than 2 inches in diameter hein{? used in any case. 

I'orniti'. There are many methods of nuishinpf the p^ahlcs and 

eaves of huildiiiKS. A gable finish for a steel end, and for a brick end 


- /i&ti/ Otfkh 


f^ee! Steehs Ctmch 



Flashed Finish 

Fig. 130, 
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as used by the American Bridge Company, are shown in Fig. 119. The 
steel end may have a cornice made by bending the corrugated steel as 
shown, or a molded cornice. 

The flashed finish shown in Fig. 120, is used by the American 
Bridge Company ; it is quite effective and gives a very neat appearance. 
The corrugated steel siding should preferably be carried up to the 
roof steel. 

The cornice and ridge finish shown in Fig. 121, designed by Mr. 
H. A. Fitch, Minneapolis, Minn., is very neat, efficient and economical. 



'The galvanized rivets are much cheaper than copper rivets, and are 
preferred by many to the copper rivets. The detail .shown was for a 
small dry house in which the eave strut was omitted. 
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Fig. 122. 


I 


ji 

if 


Cornice 


239 


In Fig. 122, the eave cornice is made by simply extending the roof- 
ing steel, while the gable cornice is made by bending a sheet of cor- 
rugated steel over the ends of the purlins and nailing to wooden strips 
as shown. 




Fig. 123. 

Sheets heavier than No. 22' should not be bent in the field. The 
corner finish is made by bending a sheet of corrugated steel. 

In Fig. 123, the eave and gable cornice are made of plain flat steel 
bent in the shop as shown. The eave cornice is made to mitre with the 
gable cornice, thus giving a neat finish at the corner. The corner finish 
is made by using sheets at the corners in which one-half is left plain. 



Fig. 124. 
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In Fig. I24 j the eave strut and gable cornice are molded. The two 
cornices are so made as to mitre at the corners, the mitres being made 
in the field. A plain corner cap is put on as shown, after bending the 
corrugated steel around the comer. 



Fig. 126. 



Anti-cond ijnsation Roofing 
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In Fif'. 125, an cave purlin is used and a channel is placed along 
the ends of the purlins. Spiking strips should always he usetl as shown, 
and the cave purlin should be fastened to the rafter by means of angle 
clips. 

The finish shown in h'ig. 126, was used by the U. S. Government 
and needs no explanation. 

Anti-condensation Roofing. — To prevent the condensation of 
moisture on the inner surface of a steel roof, .and the resulting dripping, 
the aiili-candcnsation raofiw}^ shown in h'ig. 127 and in I'ig. 129 is fre- 
quently used. The usual method of constructing this roofing is as 
follows; Galvanized wire poultry netting is fastened to one cave purlin 


Asbestos -- 

TbrFbper- 

ConSree/- 



'Oa/yanizscf Wire 
Pou/rry Netting 


AnTI-Condensarion Roofing 

Fig. 127. 


and is passed over the ridge, stretched tight and fastened to the other 
cave purlin. The edges of the wire arc woven together, and the net- 
ting is fastened to the siiiking strip.s, where used, by means of small 
stajilcs. Chi the netting are laid one or two layers of asbestos paper 
i-if)-inch thick, and .sometimes one or two layers of tar paper. The 
corrugated steel is then fastened to the purlins in the usual way. 
Stove bolt.s, 3-lfi" diameter, with i x x 4-inch i)(late washers on lower 
side, are used for fastening the side laps together and for support- 
ing the lining (see. Fig. 129), The author would recommend that pur- 
lins be spacetl one-half the usual cli.stancc where anti-condensation lin- 
ing is used ; the stove bolts could then be omitted. Asbestos paper i-ifi- 
indi thick comes in rolls, ami weighs about 32 pounds per .square of 100 
square feet. Galvanized poultry nelliug comes in rolls fio inches wide 
and weighs about 10 pounds per square. 

The corrugated steel used with anti-condensation roofing should 
never be less than No. 22, and the purlins should be spaced for not less 
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than 30 pounds per square foot. A less substantial roof ■will not usually 
be satisfactory. 

An engine house with anti-condensation lining on the roof and 
sides has been in use in the Lake Superior copper country for several 
years, and has been altogether satisfactory under trying conditions. 
The covering and lining of roof and sides are fastened by clinch nails 
to angle purlins and girts spaced about two feet apart. 

A transformer building designed by the author and built by the 
Gillette-I'Ierzog Mfg. Co., at East Helena, Montana, has anti-condensa- 
tion lining on the roof as shown in Fig. 129, and is lined on the sides 
with one layer of asbestos paper, and i34'inch No. 26 corrugated steel. 
The black framework, tlic red side lining, and white roof lining made a 
very pleasing interior. This building after several years is giving en- 
tire satisfaction. 

Corrugated Steel Plans. — ^The shop plans, list of steel and details 
of the corrugated steel for a mill building are shown in Fig. 128 and 
Fig. 129 (for the general plans and a detailed estimate of this build- 
ing see Chapter XXVIII). Corrugated steel sheets should be ordered 
to cover three purlins or girts if possible. Bevel sheets should be ordered 
by number, and sheets should be split and reentrant cuts should be made 
in the field. All sheets should be plainly marked with the number or 
length. Sheets No. 22 or lighter can be bent in the field, heavier metal 
should always be bent at the mill. In preliminary estimates of corrug- 
ated steel allow 25 per cent for laps where two corrugations side lap 
and 6 inches end lap are required, and 15 per cent for laps where one 
corrugation side lap and 4 inches end lap are required. 


Cost of Corrugated Steel. — Galvanized steel in 1903 is quoted at 


about 75 per cent off the standard 
galvanized steel being as follows : 
No. 10 to 16 inclusive 
No. 17 to 21 inclusive 
No. 23 to 24 inclusive 
No. 25 to 26 inclusive 
No. 27 


list, f. o. b. Pittsburg ; list price of flat 

I2C. per lb. 

({ « 

a « 


13c. 

14c. 

15c. 

i6c. 



Cost of Courugaticd Stukl 


2-15 


The net cost of corruj^ated galvanized steel is found by adding .05c. 
per pound to the net cost of flat galvanized sheets. 

The standard card of extras used in 1903 is given below. These 
extras are to he added to the not price of flat black or galvanized sheets 
to obtain the cost. These extras arc not subject to discount. 

Card of icx'i'ras For iii.ack or OAT.VANizicn sinucTs. 

For corrugating 05c. per lb. 

For painting with red oxide 10c. “ “ 

For painting with Dixon’s graphite 20c. “ “ 

For painting with Goheen's carbonizing coaling .30c. “ “ 

For all trimmings, etc., Hashings, ridge caps, 

and louvres i.ooc. “ “ 

For flat sheets rolled from reworked muck bar .50c.. “ “ 

For sheets rolled from iron scrap mixture 25c. “ “ 

For arches 25c. “ “ 

lilack corrugated steel in 1903 is quoted about as follows, f. 0. b, 
Pittsburg : 

No. iG to 18 inclusive 2.2c. per lb. 

No. 20 to 22 inclusive 2.Gc. " " 

No. 24 to 26 inclusive 2.7c. “ " 


CHAPTER XIX. 


Roof Coverings. 

Introduction. — Mill buildings are covered with corrtig 
supported directly on the purlins; by slate or tile support^' 
purlins; or by corrugated steel, slate, tile, shingles, gravel 
composition roof, or some one of the various patented roo: 
ported on sheathing. The sheathing is commonly made o 
thickness of planks, i to 3 inches thick. The planks are some 
in two thicknesses with a layer of lime mortar between the 1^ 
protection against fire. In fireproof buildings the sheathiit. 
monly made of reinforced concrete constructed as described i 
XX. Concrete slabs are sometimes used for a roof covering 
that case supported directly by the purlins, and sometimes as 
ing for a slate or tile roof. 

The roofs of smelters, foundries, steel mills, mine strtt< 
similar structures are commonly covered with corrugated ste 
the buildings are to be heated or where a more substantial 
ering is desired slate, tile, tin or a good grade of compositit 
is used, or the roof is made of reinforced concrete. For A 
and for temporary roofs a cheap composition roofing is comix 
The following coverings will be described in the order give; 
ated steel, slate, tile, tin, sheet steel, gravel, slag, asphalt, si' 
also the patent roofings; asbestos, Carey’s, Granite, Ruberoit 
roinclave. The construction of reinforced concrete roofi] 
scribed in Chapter XX. 

Corrugated Steel Roofing. — Corrugated steel roofing- 
plank sheathing or is supported directly on the purlins as cL 
Chapter XVIII. For the cost of erecting corrugated steel 1 
Chapter XXVIII. 
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CorruR;atc'd stool rnofiiip^ should be kept well painted with a good 
paint. Whore the roofing is exposed to the action of corrosive gases 
as in the roof of a suioltor reducing sulphur ores, ordinary red lead or 
iron oxide paint is practically worthless as a protective coating; better 
results being obtained with graphite and asphalt paints. Graphite paint 
has been cpiite extensively useil for painting corrugated steel in the 
Ihitte, ]\fnnt., district. Tl)c corrosion of corrugated steel is sometimes 
very rapid. In i8y8 the author saw at the Trail Smelter, Trail, B. C., 
a corrugated steel roof made of No. corrugated steel and painted 
with oxide of iron paint that had corroded so badly in one year that 
one could slick his finger through it as easily as through brown paper. 
The climate in that locality is moist and the smelter was used for re- 
ducing sulpliur ores. Galvanized corrugated steel is cpiitc extensively 
used in the I.akc Superior di.slrict. 

Slate Roofing. — 'J'here are many varieties of i-oofing slate, among 
which the Mrownville and Monson slates of Maine, and the Bangor 
and I’cacli Iloltoni slates of Pennsylvania are well known and arc of 




c.vcellenfc quality. Bc.stde.^ the charactcri.stic slaty color, green, purple, 
red and variegated roofing slates may be obtained. The be.st quality 
of slate has a glistening semi-metallic appearance. Slate with a dull 
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earthy appearance will absorb water and is liable to be destroyed by 
the frost. 

Roofing slates are usually made from to j 4 inches thick ; 3- 16- 
inch being a very common thickness. Slates vary in size from 6" x 12" 
to 24" X 44" ; the sizes varying from 6" x 12" to 12" x 18" being the 
most common. 

Slates are laid like shingles as shown in Rig. 130. The lap most 
commonly used is 3 inches ; where less than the minimum pitch of is 
used the lap should be increased. 

The number of slates of different sizes required for one square of 
100 square feet of roof for a 3-inch lap are given in Table XIX. 

The weight of slates of the various lengths and thicknesses required 
for one square of roofing, using a 3-inch lap is given in Table XX. 
The weight of slate is about 174 pounds per cubic foot. 

The weight of slate per superficial square foot for different thick- 
nesses is given in Table XXL 

The minimum pitch recommended for a slate roof is J 4 ; hut even 
with steeper slopes the rain and snow may be driven under the edges 
of the slates by the wind. This can be prevented by laying the slates 
in slater’s cement. Cemented joints should always be used around eaves, 
ridges and chimneys. 

Slates are commonly laid on plank sheathing. The sheathing should 
be strong enough to prevent deflections that will break the slate, and 
should be tongued and grooved, or shiplapped, and dressed on the upper 
surface. Concrete sheathing reinforced with wire latli or expanded 
metal is now being used quite extensively for slate and tile roofs, and 
makes a fireproof roof. Tar roofing felt laid between the slates and 
the sheathing assists materially in making the roof waterproof, and 
prevents breakage when the roof is walked on. The use of rubber- 
soled shoes by the workmen will materially reduce the breakage caused 
by walking on the roof. Roofing slates may also be supported directly 
on laths or sub-purlins. The details of this method are practically 
the same as for tile roofing, which see. 
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TAlir.K XIX. 

NuMiiicu ni'' uooi-'iMr. si.atks ui-ntumnt 'ro i,ay onr squaric of roof with 

3~INCIt I,AV, 


Blzo In No. of 

Inohoa 

inoiioa. tjquttre. 


sS^ln sSot 

Inolios. Square. Inohes. Square, 


12x20 
U 20 
11 28 
12 22 

M 22 
12 2‘1 
14 24 
to 24 

14 80 
10 20 



TAULK XX. 

TuR WRIOtlT Ctp St.ATF, URyUtlUCn FOR ONR SQUAUR OF ROOF. 


LeriRtli 

In 


Weight In pounda, pur aquoru, for the thioknoBB. 


(■“a ’ 

U‘ 

?«■ 

/^a 

%• 

ap' 

73>l 

907 

1450 

1930 

2419 

2002 

(Wfl 

920 

1370 

1842 

8301 

8700 

007 

890 

1330 

1784 

2229 

2070 

050 

809 

1303 

1740 

2174 

2007 

0.37 

851 

1270 

1704 

2129 

2663 

020 

830 

1284 

1076 

2093 

2608 

017 

H26 

1238 

1053 

2000 

2-178 

010 

815 

1222 

1031 

2039 

2446 


,1 


TAIU.E xxr. 

WrIOIIT of sr.ATR FRU SQUAUR FOOT. 

Thlaknesa '■In, . ........ h' .*4 ?a % W ?•! I 

WetRlit-^-llm l.fil 2.71 3.02 5.43 7.26 9.00 10.87 M.6 
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When roofing slates are laid on sheathing they are fastened by 
two nails, one in each tipper corner. When supported directly on sub- 
purlins the slates are fastened by copper or composition wire. Gal- 
vanized and tinned steel nails, copper, composition and zinc slate roofing 
nails are used. Where the roof is to be exposed to corrosive gases cop- 
per, composition or zinc nails should be used. 

Slate roofs when made from first class slates well laid have been 
known to last 50 years. When poorly put on or when an inferior qual- 
ity of slate is used slate roofs are comparatively short-lived. Slates are 
easily broken by walking over the roof and are sometimes broken by 
hailstones. Slate roofing is fireproof as far as sparks are concerned, 
but the slates will crack and disintegrate when exposed to heat. Local 
conditions have much to do with the life of slate roofs ; an ordinary life 
being from 25 to 30 years. 

First class slate 3-16 to inches thick may ordinarily be obtained 
f. 0. b. at the quarry for from $5.00 to $7.00 per square; common 
slate for from $2.00 to $4.00 per square; while extra fine slate may 
cost from $10.00 to $12.00 per square. 

An experienced roofer can lay from i^ to 2 squares of slate in a 
day of 10 hours. In 1903 slater’s supplies were quoted as follows: 
Galvanized iron nails, 2^ to 3 cents per lb. ; eopper nails, 20 cents per 
lb.; zinc nails, 10 cents per lb.; slater’s felt, 70 to 75 cents per roll of 
500 square feet; two-ply tar roofing felt, 75 cents per square; slater’s 
cement in lo-lb. kegs, 10 cents per lb. 

Trautwine gives the cost of slate roofs as $7.00 per square and 
upwards. The costs of slate roofs per square is given in the reports of 
the Association of Railway Superintendents of Bridges and Buildings, 
as follows: New England, $9.00 to $12.00; New York, $9.00 to 
$ro.oo; Virginia $4. 10 to $5.00; California, $10.00 to $10.50. 

Tile Roofing. — Baked clay or terra-cotta roofing tiles are made 
in many forms and sizes. Plain roofing tiles are usually io }4 inches 
long, 634 inches wide and ^ inches thick ; weigh from 2 to 2}4 pounds 
each and lay one-half to the weather. There are many other forms of 
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tile among which book tile, Spanish tile, pan tile and Ludowici tile 
are well known. Tiles are also made of glass and are used in the place 
of skylights. 

Tiles may be laid (i) on plank sheathing, (2) on concrete and ex- 
panded metal or wire lath sheathing, or (3) may be supported directly 
on angle sub-purlins as shown in Fig. 87. Tiles are laid on sheathing 
in the same manner as slates. 

The roof shown in Fig. 87 was constructed as follows: Terra- 
cotta tiles, manufactured by the Rudowici Roofing Tile Co., Chicago, 111 ., 
were laid directly on the angle sub-purlins, every fourth tile being se- 
cured to the angle sub-purlins by a piece of copper wire. The tiles were 
interlocking, requiring no cement except in exceptional cases. The tiles 
weie 9 X 16 inches in size; 135 being sufficient to lay a square of 100 
square feet of roof. These tiles weigh from 750 to 800 lbs. per square, 
and cost about $6.00 per square at the factory. Skylights in this roof 
were made by substituting glass tiles for the terra-cotta tiles. This and 
similar tile has been used in this manner on a large number of mills and 
train sheds with excellent results. 

Tile roofs laid without sheathing do not ordinarily condense the 
steam on the inner surface of the roof unless the tiles are glazed, al- 
though several cases have been brought to the author’s attention where 
the condensation has caused trouble with tile roofs made of porous 
tiles. Anti-condensation roof lining should be used where there is dan- 
ger of excessive sweating, or a porous tile should be used that is known 
to be non-sweating. The cost of tile roofing varies so ranch that general 
costs are practically worthless. The reports of the Association of Rail- 
way Superintendents of Bridges and Buildings give the cost in New 
England as from $30 . 00 to $33 . 00 per square. 

Tin Roofs. — Tin plates are made by coating flat iron or steel sheets 
with tin, or with a mixture of lead and tin. The former is called 
"bright” tin plate and the latter “terne” plate. Terne plates should not 
be used where the roof will be subjected to the action of corrosive gases 
for the reason that the lead coating is rapidly destroyed. Plates are 
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covered with tin (i) by the dipping process in which the plates are 
pickled in dilute sulphuric acid, annealed, again pickled, dipped in palm 
oil and then in a bath of molten tin or tin and lead ; or ( 2 ) by the roller 
process in which the plates are run through rolls working in a large 
vessel containing oil, immediately after being dipped. The latter 
method gives the better results. 

Two sizes of tin plates are in common use, 14" x 20" and 20" x 
28", the latter size being most used. Tin sheets are made in several 
thicknesses, the IC, or No. 29 gage weighing 8 ounces to the square 
foot, and the IX, or No. 27 gage weighing 10 ounces to the square foot, 
being the most used. The standard weight of a box of 112 sheets, 14 x 
20 size is 108 pounds for IC plate, and 136 pounds for IX plate. Boxes 
containing imperfect sheets or “wasters” are marked ICW or IXW. 
Every sheet should be stamped with the name of the brand and the 
thickness. 

The value of tin roofing depends upon the amount of tin used in 
coating and the uniformity with which the iron has been coated. The 
amount of tin used varies from 8 to 47 pounds for a box of 20 x 28 size 
containing 112 sheets. 

Tin roofing is laid (i) with a flat seam, or (2) with a standing 
seam. In the former method the sheets of tin are locked into each 
other at the edges, the seam is flattened and fastened with tin cleats 
or is nailed firmly and is soldered water tight. Rosin is the best flux 
for soldering, although some tinners recommend the use of diluted 
chloride of zinc. For flat roofs the tin should be locked and soldered 
at all joints, and should be secured by tin cleats and not by nails. For 
steep roofs the tin is commonly put on with standing seams, not 
soldered, running with the pitch of the roof, and with cross-seams 
double locked and soldered. One or two layers of tar paper should 
be placed betwen the sheathing and the tin. 

In painting tin all traces of grease and rosin should be removed, 
benzine or gasoline being excellent for this purpose. A paint composed 
of 10 pounds Venetian red and one pound red lead to one gallon of 
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pure linseed oil is recommended. The under side of the sheets should 
be painted before laying. Tin roofs should be painted every two or 
three years. If kept well painted a tin roof should last 25 to 30 years. 

For flat seam roofing, using ^-inch locks, a box of 14 x 20 tin 
will cover 192 square feet, and for standing seam, using J^-inch locks 
and turning i }4 s-^d Ij4-inch edges, making i-incli standing seams, it 
will lay 168 square feet. For flat seam roofing, using j4-inch locks, 
a box of 20 X 28 tin will lay about 399 square feet, and for standing 
seam, using ^-inch locks and turning ij4 and ij4-inch edges, making 
l-inch standing seams, it will lay about 365 square feet. 

Current prices in 1903 for tin in small quantities were about as 
follows ; 

American Charcoal Plates; 


IC, 14x20 $5. 50 to $6. 50 per box of 1 12 sheets; 

IX, 14 X 20 $6.60 to $8.25 per box of 112 sheets. 

American Coke Plates, Bessemer ; 

IC, 14X 20 .$4.70 to $4.80 per box of 112 sheets; 

IX, 14 X 20 $6.60 to $8.25 per box of 112 sheets. 

American Terne Plates: 

IC, 20X 28 $ 9-50; 

IX, 20X 28 $11.50. 


Two good workmen can put on and paint from 2j4 to 3 squares 
of tin roofing in 8 hours. Tin roofs cost from $7.00 to $11.00 or 
$12.0,0 per square depending upon the specifications and the cost of 
labor. 

Sheet Steel Roofing. — Sheet steel roofing is sold in sheets 28 
inches wide and from 4 to 12 feet long, or in rolls 26 inches wide and 
about 50 feet long. It is commonly laid with vertical standing seams 
and horizontal flat seams; tin cleats from 12 to 15 inches apart being 
nailed to the plank sheathing and locked into the seams. Sheet steel 
plates are also made with standing crimped seams near the edges, which 
are nailed to V-shaped sticks; the horizontal seams being made by 
lapping about 6 inches. 
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Care should be used in laying sheet steel roofing to see that it does 
not come in contact with materials containing acids, and it should be 
kept well painted. The weight of flat steel of different gages is given 
in Table XV. Nos. 26 and 28 gage sheets are commonly used for sheet 
steel roofing. No. 26 black sheet steel was quoted in 1903 at about 
$3.20 per 100 pounds, and No. 26 galvanized sheet steel at about $4.00 
per 100 pounds in small lots. Sheet steel roofing can be laid at a 
somewhat less cost than tin roofing. 

Gravel Roofing. — Gravel roofing is made by laying and firmly 
nailing several layers of roofing felt on sheathing so as to break joints 
from 9 to 12 inches; the laps are mopped and cemented together with 
roofing cement or tar, and finally the entire surface is covered with a 
good- coating of hot cement or tar. The cement or tar should not be 
hot enough to injure the fibre of the felt. While the cement or tar 
is .still hot the surface of the roof is covered with a layer of clean gravel 
that has been screened through a ^^-inch mesh. It requires from 8 to 
10 gallons of tar or cement and about }/(, of a yard of gravel per square 
of 100 square feet of roof. When the roof is to be subjected to the 
action of corrosive gases it should be flashed with copper or composi- 
tion, or the flashing may be made of felt. The number of layers of felt 
varies with the conditions, but should never be less than four (4-ply). 

The details of laying gravel . roofs differ and it is impossible to 
do more than give a few standard specifications. The following specifi- 
cations are about standard in the West. In writing specifications for 
four-ply gravel roofing omit one layer of roofing felt in the specifications 
for five-ply gravel roofing. Three-ply roofing is sometimes used for 
temporary structures. 

Five (5) Ply Wool Pelt, Composition and Gravel Roof . — First 
cover the sheathing boards with one (i) layer of dry felt and over 
this put four (4) thicknesses of wool roofing felt, weighing not less than 
fifteen (15) pounds (single thickness) to the square of one hundred 
(100) feet. This felt to be smoothly and evenly laid and well cemented 
together the full width of the lap, not less than nine '(9) inches between 
each layer, with best roofing cement or refined tar, using not less than 
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one hundred (100) pounds of roofing cement or tar to the square of 
one hundred (100) feet. All joinings along walls and around openings 
to be carefully made. The roof to be then covered with a heavy coating 
of roofing cement or tar and screened gravel, not -less than one (i) cubic 
yard of gravel to six hundred (600) square feet, gravel to be screened 
through 54 -iuch mesh and free from sand and loam. All walls and 
openings to be flashed. All roofing cement and tar is to be applied hot. 

Si.v (< 5 ) Ply Cap Sheet Wool Felt, Composition and Gravel Roof. 
— First cover the sheathing boards with one (i) layer of dry felt and 
over this put four (4) thicknesses of wool roofing felt, weighing not 
less than fifteen (15) pounds (single thickness) to the square of one 
hundred (100) feet. This felt to be smoothly and evenly laid and well 
cemented together the full width of the lap, not less than nine (9) 
inches between each layer, with best roofing cement or refined tar, using 
not less than one hundred and twenty (120) pounds of roofing cement 
or tar to the square of one hundred ( 100) feet. The entire surface then 
to be mopped over with roofing cement or tar and a cap sheet of wool 
felt applied. All joinings along the walls and around the openings to 
be carefully made. The roof to be then covered with a heavy coating 
of roofing cement or tar and screened gravel, not less than one (l) 
cubic yard of gravel to six hundred (600) square feet, gravel to be 
screened through ^-inch mesh and free from sand and loam. All walls 
and openings to be flashed. All roofing cement and tar shall be ap- 
plied hot. 

Si.v (d) Ply Combined Flax and Wool Felt, Composition and 
Gravel Roof . — First cover the sheathing boards with one (i) layer of 
dry felt and over this put one ( i ) layer of flax felt and three thicknesses 
of wool roofing felt, weighing not less than fifteen (15) pounds (single 
thickness) to the square of one hundred (100) feet. This felt to be 
smoothly and evenly laid and well cemented together the full width 
of the lap, not less than eleven (ii) inches between each layer, with best 
roofing cement or refined tar, using not less than one hundred and 
twenty (120) pounds of roofing cement or tar to the square of one 
hundred (100) feet. The entire surface then to be mopped over with 
roofing cement or tar and a cap sheet of wool felt applied. All joinings 
along walls and around openings to be carefully made. The roof to 
be then covered with a heavy coating of roofing cement or tar and 
screened gravel, not less than one ( i ) cubic yard of gravel to six hun- 
dred (600) square feet, gravel to be screened through 54-inch mesh and 
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free from sand and loam. All walls and openings to be flashed. All 
roofing cement and tar shall be applied hot. 

In Building Construction and Superintendence, Part II, Kidder 
gives the following specifications for flashing a gravel roof: 

“Flashing . — Finish the roofing against fire walls, chimneys, scuttle 
and skylight by turning the felt up 4 inches against the wall. Over 
this lay an 8-inch strip of felt with half its width on the roof. Fasten 
the upper edge of the strip and the several layers of felt to the wall 
by laths or wooden strips securely nailed, and press the strip of felt 
into the angle of the wall and cement to the roof with hot pitch. Nail 
the lower edge of the strip to the roof every 4 or 5 inches. Take spe- 
cial care in fitting around chimneys and skylights. Extend the felt up 
6 inches on the pitch of the roof, and secure every 4 inches with 3d 
nails with tin washers.” 

The pitch should not be more than should preferably be 

about ^ to I inch to the foot. Gravel is sometimes used on roofs 
nearly flat. 

Gravel roofing under ordinary conditions will last for from 10 to 
15 years. With careful attention it can be made to la.st longer and has 
been known to last 30 years. 

The cost of gravel roofing varies with local conditions and speci- 
fications. In various reports of the Association of Railway Superintend- 
ents of Bridges and Buildings costs of gravel roofs, not including the 
sheathing, per square are given as follows: Three-ply gravel roof in 
California, costs $3.75 ; four-ply (4) gravel roof in Kansas, costs $3.00; 
in Chicago, costs from $3.00 to $4.00; and in New England, costs 
from $4.00 to $5,00. The cost varies greatly with the specifications. 

Prepared Gravel Roodng . — Prepared gravel roofings may be bought 
in the market. Prepared gravel roofing manufactured by the Armitage 
Manufacturing Company, Richmond, Va., was quoted at $2.50 per 
roll of 108 square feet and including nails and cement, delivered in cen- 
tral Illinois. This company has discontinued the manufacture of pre- 
pared slag roofing. 

Slag Roofing. — Slag is sometimes used in the place of gravel in 
making roofs. The method of constructing the roof and the specifica- 


Asphaw' Roofing 


257 


tions are essentially the same as for a gravel roof. For detailed specifi- 
cations for laying slag roofing sec description of the Locomotive Erect- 
ing and Machine Shop, Philadelphia & Reading R. R., given in Part 
IV. 

Asphalt Roofing. — Asphalt roofing is laid like tar and gravel roof- 
ing except that asphalt is used in the place of tar or cement. I'or dis- 
cussion of the composition and properties of asphalt sec Baker’s Roads 
and Pavements, Chapter XTTI. The following specifications will give 
a good roof; 

Pwc (5) riy Wool Pelt, Trinidad Asphalt and Gravel Roof. — First 
cover the sheathing boards with one (i) thickness of dry felt, and over 
this put four (4) thicknesses of No. I wool roofing felt, weighing not 
leas than fifteen (15) pounds (single thickness) to the square of one 
hundred ( 100) square feet. The felt to be smoothly and evening laid, 
and well cemented together the full width of the lap, not less than nine 
(g) inches between each layer, with Trinidad asphalt roofing cement, 
using not leas tluin one hundred ( 100) pounds of asphalt to one square 
of one hundred (100) square feet. All joinings along the wall and 
around openings to be carefully made. Tlie roof is then to be cov- 
ered with a coating of a.sphalt and screened gravel, not less than one 
(l) cubic yard of gravel to six hundred (fkio) square feet of roof, 
gravel to be screened through a ^-inch nie.sh ami to be free from 
loam. All walls to be flashed with old style tin or galvanized iron, or 
a 2 X 4 is to be built into the walla to make roof connections to. 

Pivc (5) Ply Cambined Plax and Wool Pelt, Trinidad Asphalt and 
Gravel First cover the sheathing board.s with one thickness of 

dry felt, over this put one (i) thickness of (lax felt and three (3) thick- 
nesses of No. I wool roofing felt, weighing not less than fifteen (15) 
pounds (.single thickne.ss) to the 8c(uarc of one hundred (100) square 
feet. The felt to be smnotbly and evenly laid, and well cemented to- 
gether the full width of the lap, not less than eleven (11) inches be- 
tween each layer, with Trinidad asphalt roofing cement, using not less 
than one hundred (100) pounds of asphalt to the square of one hun- 
dred (100) square feet. All joinings along the walls and around open- 
ings to lie carefully inacle. The roof is then to be. covered with a coat- 
ing of Trinidad asphalt roofing cement and screened gravel, not less 
than one (.i) cubic yard of gravel to six hundred (600) square feet 
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of roof, gravel to be screened through a ^-inch mesh and to be free 
from loam. All walls to be flashed with old style tin or galvanized 
iron, or a 2 X 4 is to be built into the wall to make connections to. 

Prepared asphalt roofing can be bought in the market. It is sold 
in rolls 36 inches wide and is laid in courses. 

The Arrow Brand Ready Asphalt Roofing, manufactured by the 
Asphalt Ready Roofing Company, New York, was quoted in 1903 de- 
livered in central Illinois as follows: Arrow Brand No. i, sand sur- 
faced, per roll $2.75; rolls contain no square feet which will cover 
100 square feet of roof and weigh 80 pounds. Arrow Brand No. 2, 
gravel surfaced, per roll $2.75; rolls contain no square feet which will 
cover 100 square feet of roof and weigh 140 pounds. The necessary 
nails and asphalt required in laying the roofing are included in the 
above prices. This roofing is in use by a number of railways. 

Shingle Roofs. — Shingle roofs are now very seldom used for mill 
buildings. Shingles have an average width of 4 inches and with 4 
inches laid to the weather 900 are required to lay one square of roof. 
One thousand shingles require about 5 lbs. of nails. One man can lay 
from 1500 to 2000 shingles in a day of 8 hours. The cost of shingle 
roofs varies with the locality from, say, $3.25 to $6.25 per square. 

Asbestos Roofing.— The “Standard” Asbestos Roofing, manufac- 
tured by the H. W. Johns-Manville Co., New York, is composed of a 
strong canvas foundation with asbestos felt on the under side, and sat- 
turated asbestos felt on the upper side finished with a sheet of plain 
asbestos ; the whole being cemented together with a special cement and 
compressed together into a flexible roofing. It docs not require paint- 
ing, although it is commonly painted with a special paint, one gallon 
of which will cover about 150 square feet. The roofing is laid with a 
lap of 2 inches, beginning at the lower edge of the roof and running 
parallel to the eaves. The laps are cemented and are nailed with special 
roofing nails and caps. The roofing is laid on sheathing and is very 
easily and cheaply laid. It is quite flexible and may be used for flash- 
ing and for gutters. It is practically fireproof and makes a very satis- 
factory roof. Asbestos roofing comes in rolls and weighs about 75 
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pounds per square. It costs about $3.00 per square laid on the roof. 

The above named company makes several other brands of asbestos 
roofing tbe cost of whicli is about the same as the “Standard.” 

Aslieslos roofing felts may lie purchased which arc used for roof- 
ing in one, two or three-ply, and arc laid in the same way as for gravel 
roofing. 

Carey’s Roofing. — Carey’s Magnc.sia Flexible Cement Roofing, 
manufactured by the Philip Carey Manufacturing Company, Rockland, 
Ohio, i.s made by putting a layi'r of asphalt cement composition on a 
foundation of woolen felt and imbedding a strong burlap in the upper 
surface of the cement. After laying, the burlap is covered with a tough 
elastic paint whicli when it dries gives a surface siiriilar to slate. The 
roof is practically acid proof and burns very slowly. It comes in rolls 
29 inches wide and containing sufficient material to Ihy one square of 
. roof. The roofing is made in two weights, standard weighing yo 
pounds ])cr scpiare, and extra heavy weighing about 115 pounds per 
square. A .s(iecial (lap is provided on one. side, to cover the nail heads. 
The roofing is very idiable and can be used for flasbing and for gutters. 
It should be laid on sheathing and is very easily and cheaply applied. 
It .may be laid over an old shingle or corrugated iron roof. It costs 
about $2.75 to $3.25 i)er sejuare laid on the roof. 

Granite Roofing. — ('iranlte Roofing, manufactured by the Eastern 
Oranile Roofing Coiniiany, New York, is a ready-to-lay composition 
roofing with manufactured quartz pebbles imbedded in its upper sur- 
face. It i.s a very satisfactory roofing and is quite, extensively used. It 
costs about $2.75 to $3.75 per square laid on the roof. 

Ruberoid Roofing.-—!’. & 11 . Ruberoid Roofing, manufactiuxd by 
the Standard I’aint Co,, New York, is quite cxtcnsive.ly used and has 
given good satisfaction. Tlie following dc.scription is taken from the 
maker’s catalog: “No pajjcr whatever is used in the manufacture of 
Ruberoid Roofing. It l>as a foundation of the best wool felt, except 
in the case of the grade which is a combination of wool and hair. 

This is first saturated with the P, & 11 . water and acid proof compound, 


26o 


Roof Coverings 


and afterwards coated with a hard solution of the same material, there- 
by making the roofing at once light in weight as well as strong, dur- 
able and elastic. It is thoroughly acid and alkali proof, is not affected 
by coal gas or smoke and can be laid on either pitched or flat roofs, 
proving equally effectual in both cases. Inasmuch as it contains no tar 
or asphalt tlie roofing is not affected by extremes in temperature." 

Ruberoid is made ^-ply weighing 22 pounds per square; i-ply 
weighing 30 pounds per square; 2-ply weighing 43 pounds per square; 
and 3-ply weighing 51 pounds per square. The 2-ply and the 3-ply 
roofing are commonly used for factories and mills. The roofing is put 
up in rolls 36 inches wide, containing two squares (200 square feet), 
with an additional allowance of 16 square feet for two-inch laps at the 
seams ; sufficient tacks, tin caps and cement are included with each roll. 

Ruberoid roofing costs from $2.75 to $3.75 per square laid on the 

roof. 

Ferroinclave. — This is a patented roofing made by the Brown 
Hoisting Machinery Co., Cleveland, Ohio, and is described in a letter 
to the author as follows: "Ferroinclave roofing is made by coating a 
special crimped or corrugated iron or steel on both sides with a mixture 
of Portland cement and sand, after which it is painted on the upper 
side. The sheets are made of No. 22 or No. 24 sheet steel, and full 
sized sheets are 20 inches wide and 10 feet long. The steel is crimped 
or corrugated with corrugations about 2 inches wide and inch deep, 
the width of the corrugation on the outer side being less than on the 
inner side, thus forming a key to hold the cement mortar in place. The 
sheets are laid in the same manner as corrugated steel, and a coating 
of Portland cement mortar, composed of i part Portland cement and 
2 parts sand, is plastered on the upper and lower surfaces to a thick- 
ness of ^ of an inch above and below the corrugations, making the 
total thickness of the roofing i )4 inches. The weight of No. 24 sheet 
steel Ferroinclave is about 15 lbs, per square foot when filled with cem- 
ent mortar as above. A test of a sheet of Ferroinclave made as above, 
showed failure with a uniformly distributed load of 300 lbs. per square 
foot with supports 4' 10" apart, the cement having set ten days. The 
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cost of this roofing is about $21.00 per square complete in place on the 
roof.” The lirown Hoisting Machinery Co. has abso used Eerroinclavc 
quite extensively for llnor.s and side walls of buildings. 

Examples of Roofs. — The Boston Manufacturer’s Mutual Eire 
Insurance Co., rccomniend the following roof for mill buildings : “Roofs 
of ordinary tyirc may be only of plank covered with composition or 
other suitalile r(X)fi.ng material. In special cases the roof should consist 
of a 3-inch ])lank, i inch of mortar, a i-inch top board and a 5-ply com- 
position roof. Such a roof is impervious to heat and cold.” 

The roof of the machine shop of the Chicago City Railway is com- 
posed of 2 X C-in. tongued and grooved sheathing overlaid with 5 layers 
of “Cincinnati” wool felt, having 100 pounds of cement to loo square 
feet, and is covered with tar and gravel. 

The roof of the Behigh Valley R. R. Shops at Sayre, Pa., is a slag 
roofing on armored concrete. 

The roof of the Great Northern R. R. shops at St. Paul, Minn., 
has doul)lc .sheathing with I x 3-in. strips between the layers to provide 
an air pace and prevent .sweating. Monarch roofing is laid on the 
slioathing. 

The roof of tlie Philadelphia & Reading .shops, at Reading, Pa., 
is felt on plank sheathing covered with tar and slag. 

'I'lie roof of the A. T. & S. E. R. R. machine shops at Topeka, 
Ka.s., is Imdowici tile laid on 2 x 2-in. timl)er strips. 

The roof of the tlnion Train Shed at Peoria, 111 ., is Budowici tile 
laid on angle sub-purlins as shown in h'ig. 87. 

Roof Coverings for Railway Buildings. — The following abstract 
of the rei)nrt of the committee on roof coverings presented at the an- 
nual meeting of the As.sociation of Railway Su])erinteudent5 of Bridges 
and Buildings, tt)02, will give a very good idea of the. pre..scnt practice 
in covering railroad buildings. 

“Slate i.s much ti.scd for station buildings where there is not mucli 
climbing for repair of skylights or telegraph wires. It has a life of 
from 35 to 40 years, and the roof should have a pitch of not less than 
6 inche.s per foot. Vitrified tile is very durable where rightly made 
and laid on steep roofs, but is not adapted for ordinary railroad build- 
ings. Shingle roofs last as long as 28 years, and should be laid with 
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6 inches pitch per foot; they are very satisfactory where slate is too 
expensive. For flat roofs a tar and gravel composition is preferred and 
will last 12 to 18, and even 20 years. Slag or broken stone of the 
size of peas is sometimes used in tlie place of gravel. In such roofs, 
much depends upon the paper used, tlie pitch, and the thoroughness of 
the work ; 3-ply is too light, 4-ply is good, but 5-ply is better. Asphalt 
pitch is sometimes preferred to coal-tar, but the latter is sufficiently dur- 
able. An asphalt-gravel roof must slope not more than ^ inch to the 
foot, on account of the liability to run in hot weather; but tar-gravel 
roofs may have a pitch of I inch per foot. With such very flat roofs 
as are required for asphalt, any settlement will form hoflows that will 
hold water. 

■ “Sheet metal roofs, corrugated or flat are not durable. Steel is less 
durable than iron and will last only about one year, where exposed to 
engine gases. Tin shingles of good quality give good results. Painted 
shingles have a short life unless frequently painted. 

“Of patented roof coverings, Sparham is pulverized talcose lime 
rock, mixed with coal-tar pitch and applied hot to the roof with a 
trowel. This may be used for a flat roof or for a roof with a pitch of 
3 or 4 inches per foot. Ruberoid is a wool felt saturated with a parafine 
preparation. Perfected Granite Roofing is 2-ply tarred paper with sea 
grit on one side. Both of these last may be used on any roof with a 
pitch of not less than 2 inches per foot. Cheap roofs made from roofing 
papers require mopping with tar, and if thus treated every two years 
(before the paper is bare) will last almost indefinitely. In railway 
work, however, roofs are generally left without attention until leaks 
are reported, when it is too late for mopping to do any good. 

“Roofs requiring treatment every two years can hardly be consid- 
ered as permanent. Slate for pitched roofs and tar and gravel for flat 
roofs are as nearly permanent as can be obtained for railway buildings. 

“The cost per square of 100 square feet for roofs of different kinds 
in New England is as follows ; 

Slate 

I ✓ - r M. w «-.* • « • • i,v.» 1 

30-00 to 33.00 Sparham 5.00 to 5.50 

Shingles Ruberoid 2.75 to 3.75 

Sawed cedar... 4.50 to >;.oo Prefected Granite . -a -re tn ^.25 

3-So 
2.25 


$ 9-00 to $12.00 Tar and gravel. . . 

.$4.00 to 

30.00 to 

33.00 Sparham 

. 5.00 to 


Ruberoid 

• 2.75 to 

4.50 to 

5.00 Prefected Granite, 

,. 2.7s to 

5.00 to 

6.50 Paroid , 

. 3.00 to 


2-ply double. . 

. 2.00 to 

6.50 to 

8.00 3-ply single , 

. 1.50 to 
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SlDJ; WArj.S AND CoNCRin'M Burr, DINGS. 

SIDE WALLS.— ']'hc sides of steel frame mill buildings are cov- 
ered with corrugated steel, expanded metal and plaster, wire lath and 
plaster, or with I'erroinclavc a patent covering made of special corrug- 
ated steel and plaster, manufactured hy the Brown Hoisting Co., Cleve- 
land, Oliio. 

Corrugated Steel. — The methods of fastening corrugated steel to 
tlic sides of buildings are the same as on the I'oof and arc described 
in detail in Cliapter XVITI. Where warmth is desired, buildings cov- 
ered with corrugtited steel arc often lined with No, 26 corrugated steel 
with IJ 4 -inch corrugations . Where this lining is used spiking jMcces 
should be boltctl to the girts and intermediate spiking pieces .should be 
placed lictvvoen the girts to which to nail the lining. If this is not done 
the corrugated steel will gape, open for the reason that it is impossible 
to rivet the side laps of the lining. Where anti-condensation lining is 
used on the sides it is made the same as on the roof except that the 
girts should always be placed not more than one-half the usual distance. 
The clinch-nail fastening is the. best method for fastening the corrug- 
ated steel where the anti-condensation lining is used. 

Expanded Metal and Plaster. — ^'I'lic methods of making walls of 
expanded metal and plaster are shown in I'ig. 131 and Vig. 132, which 
show details of the construction of the soap factory buildings of W. H. 
Walker, rittshurg, Pa. These buildings were constructed as follows: 
'Phe huilding.s were made with a self-supporting steel frame, all con- 
nections except those for the purlins and girts being riveted. Inacces- 
sible .surfaces were painted with red lead and linseed oil before erection 
and the entire framework was painted two coats of graphite paint after 
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erection. The trusses are spaced from 14 to 18 feet and carry 6, 7 and 
8-inch channel purlins. The purlins are spaced from 6 to 7 feet apart 
and carry roof slabs to 3 inches thick made of expanded metal and 
concrete. The expanded metal is made from No. 16 B. W. G. steel 
plate with 4-inch mesh, and the concrete is composed of i part Port- 
land cement, 2 parts sand and 4 parts screened furnace cinders. The 
roof slabs are covered with 10 x 12-inch slate nailed directly to the 



Pig. 131. Cross-section oe steel building covered with expanded 
metal and plaster. 

concrete, and are plastered smooth on the under side. The side walls 
were made by fastening ^-inch channels at 12-inch centers to the steel 
framing, and covering this framework with expanded metal wired on. 
The expanded metal was then covered on the outside with a coating of 
cement mortar composed of i part Portland cement and 2 parts sand 
and on the inside with a gypsum plaster, making a wall about 2 inches 
thick. The ground floors were made by covering the surface with a 
6-inch layer of cinders in which were imbedded 2 x 4-in. white pine nail- 
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ing strips 16 inches apart, and on these strips was laid a floor of 
tongued and grooved maple boards 1 % inches thick and 2^4 inches 
wide. The upper floors are made of concrete slabs reinforced with ex- 
panded metal, and supported on beams spaced 4 to ifl feet apart. Where 
the spans exceed 7 feet suspension bars 7" x 54" were placed 3 feet 
apart and were bent around the flanges of the beams. The concrete 
filling was composed of i part Portland cement, 2 parts sand and 6 
parts cinders. (For another description of this building see Engineer- 
ing Record, August 25, igoo.) 



Fig. 132. Side elevation oe steel building covered with ex- 
panded metal and plaster. 

The Northwestern Expanded Metal Co. now recommends that the 
first coat of the plaster used for curtain walls be composed of two parts 
lime paste, i part Portland cement and 3 parts sand, and that the wall 
be finished with a smooth coat composed of i part Portland cement and 
2 parts sand. 

For coating on wire lath the following has been found to give 
satisfactory results in Chicago and vicinity: For the. first coat use a 
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mortar composed of i part Portland cement and 2 parts ordinary lime 
mortar. The lime should be very thoroughly slaked before using as 
the presence of any free lime will injure the wall. After the first coat 
has hardened it is thoroughly soaked and a finishing coat composed of 

1 part Portland cement, 2 parts sand and a small quantity of slaked 
lime is applied and rubbed smooth. 

A method of plastering curtain walls is described by Mr. George 
Hill in the Transactions of the American Society of Civil Engineers, 
Vol. 29, as follows ; “The external curtain walls were composed of hard 
plaster, Portland cement and sand in equal parts, the scratch coat being 
applied to uncoated metallic lath, making the thickness of the scratch 
coat about i inch; then a surfacing of Portland cement j^-inch thick 
was applied on each side making the curtain walls a total thickness of 

2 inches. Good results were obtained in every case except one, where 
the scratch coat was alternately frozen and thawed several times, and 
the outer surfacing of the wall peeled off in patches.'^ 

The Northwestern Expanded Metal Co. does not recommend the 
use of hard or patent plasters for curtain walls. 

Expanded metal and plaster curtain walls are light, strong and 
efficient. They do not require the heavy foundations required by brick 
and stone walls and are fireproof. They can be used to advantage 
where it is desirable to have a large glass area in the sides of buildings. 
This type of construction is almost ideal for factory construction and 
will be much used in the future. There are quite a number of different 
systems but the methods of construction are essentially the same in all. 

Curtain walls are made of wire lath and plaster in the same way 
as expanded metal and plaster and have all the advantages of the latter. 

The cost of curtain walls made as described above is about $1.50 
to $1.80 per square lyard. 

For a detailed description of the construction of small cement and 
steel buildings see Engineering Record, March 26, 1898. 

Concrete Slabs. — The construction of reinforced concrete slabs 
patented by Milliken Brothers, New York, is described in Engineering 
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Rt’Cnril, 1 )t'ci'iiiln.T .;j, ns follows: “The slabs used on the roof 
of ilii’ cmicrelt’ stnhk' hiiik for the Aiifflo-Svviss Comlenscd Milk Com- 
pany. llrooklyn, X. were .|. feet wide and ahoiit 15 feet long and 
were coiistructeil as follows; Mach shdi has a steel iTamc with three 
2 Y hi -inch Iratisverse strips set edgewise at the ends and middle, and 
cnniiecteii liy longitudinal j, pinch rods about 3VH inches apart so as to 
form a gridiron. ■'I'lie rods are .set in slaggeri'd holes in the edge of 
the har.s and form a framework over and under which No. 14 trans- 
verse wires tire woven (i inches a[»art. 'I'he lower surface of the- frame 
is eoveretl with open mesli nne-wire netting, wired around the edges, 
and the frame is tilled with 1 : J : 4. 1'ortland cement concrete made with 
very line broken stone. 'I'he slab is a inches thick and has offset edges 
to make scarfed joints which are .set with cement mortar. Voids are 
left in the eoiieretc at the edges of the sltili.s to permit thin flat steel 
bars or angle clips to be iHilletl to the frames, and to be bolted to or 
locked aroiiml the framework. 'I'hen the holes arc flushed with cement 
mortar ami a j-j-inch .surface coat is plastered over the slabs for tlic 
final linisli, 'I'liese .slahs have been iisctl for side and partition walls 
as well as for rtaif sheailiing." 

Masonry 'Walls.—Walla for filling in between the columns of 
mill buildings arc eommotily made very light, lieing nsiudly determined 
by tile ele.-iraiiee ami the Iieigitt. For buildings with 20 to 25 ft. posts, 
K inch walls are very commonly used. Where the columns arc placed 
iicside of the line of the walls, a greater thicknc.s.s of wall is used than 
aUive: 13 and ly-incb walls being quite common. 

The Ibiekness of factory and warehouse walls which support roof 
trusses is about as given in Table XXII. 

'rite lltickness of the wall may be decreased when pilasters arc used 
to assist in .Hup|K»riing the trusses. 

I*'or detailed inforiiialion on tlte comstruction of brick and stone 
wall* see flakcr's .Mawinry tVmslriiction and Kidder's Building Con- 
atruetion and Superintendence, Fart I. 
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TABLE XXII. 

Thickness op warehouse wales. 


Height 

of 

Wall. 

Peet. 

1 

Thickness of Wall. 

Brick. 

Inches. 

Stone. 

Inches. 

25 

16 ' 

20 

60 

20 1 

24 

76 

24 

36 


CONCRETE BUILDINGS. — Within the last few years quite a 
number of factory buildings have been constructed of concrete. Most 
of these buildings are monolithic, although recently quite a number of 
patents have been issued for concrete building blocks. The walls are 
usually made hollow wiien made monolithic or made of concrete blocks ; 
tlie air space prevents the passage of dampness through the walls, makes 
the building warmer and is less expensive than to make the wall solid. 
In monolithic concrete construction the roof, floors and the angles in 
the walls are reinforced with metal put in according to some one of the 
many systems now in use. 

The following abstract of the description of the construction of a 
monolithic concrete building, printed in the Engineering Record, July 
30th, and August 20th., 1898, will give the reader an idea of the 
methods employed. 

“The factory of the Pacific Coast Borax Company, at Constable 
Hook, Bayonne, N. J., is about 200 x 250 feet in extreme dimensions, 
and is partly one story and partly four stories in height. All the floors, 
floor beams, walls, columns, etc. are constructed of reinforced concrete 
on the Ransome system, built in molds so as to form a monolithic struc- 
ture continuous throughout, except for the shrinkage joints dividing 
it into separate panels. 

“The columns are supported on concrete footings reinforced with 
twisted steel bars. The walls of the building were built solid at the 
ends of the floor beams and the intermediate portions were made hoi- 





low by insmiiif,^ wnntU-ii Iilii<rs. which were afterwards removed. Tlic 
walls Ilf the riiur stnrv pnrlUm arc iG inches in extreme thickness up to 
the Ihirtl llimr, atul are 15 inches above that point. The hollow walls 
have d 111 4 inche.s of concrete on each side of the air space. Both the 
walls anil the cohiinn.s were bonded by vertical bars of twisted steel 
inch .sipiare, eslendiiij^ lhronf,di them contiimon.sly from top to bottom, 
and .similar rods were carried thrmiffli the buildint^s from side to side 
transver.se to the beams imbedded in the dilTerent floors about 12 feet 
apart .so as to provide a certain iransmissuin of the strain across the 
Iniildiiifi: ami assure the resistance of the strncturc as a whole under the 
action of eccentric loads and pressures. 

"At ah<nit every 25 feet in the len(rlh of the walls a vertical space 
of yS of an inch was made, exleiuliiif!; from Uip to bottom and separat- 
hifj the wall into dislinel sections. At each of these joints a twisted 
^-incdi rod was iinhedded from lop to iKilloin on each side of the space. 
Similar rods were akso placed at the corners of the building. Where 
tlie vertical .shrinkage joint.s occur in the oiit.side walls the continuity 
of llie slnictnre is preserved by carrying through them horizontal lon- 
gitudinal pieces of twisted -V.i-iiich .s(|uare rocks about 2 icet long and 
set .’dioiit 2 feet apart tlircnigluiut the lieiglit of the. wall, 

"The eohnmis were luiilt in iG~foot sections, each section being one 
story in height, ami were constriieled by ramming the concrete inside 
of fortns, 't'he vertical Isiards composing these forms were made in 
short lengths, hrenking joints over the cross pieces, and were placed 
In iHtsUion as the concrete wits placed in posilion. 'I'hc forms were al- 
lowed to Klutid until recinirctl for another story, often remaining in po- 
sition for several weeks, although it was considered that the concrete 
was Hirong enough to permil their removal when 48 hours old. The 
walls were laid up between vertical surfaces of plain ij/^-inch plank, 
laid liorizontally and .secured by lie l)olts running ihrougli the molds. 
The wall was built ii[> in sections about four feet In heiglit and 
the conerete was laid in coiiiirmous 6-iiich layers, extending en- 
tirely arouml (lie circuiiiferetice of the wall, and wn.s thoroughly 
rammed as de|Hisited. After the concrete had set sufFiciently, tlie holt.s 
were ItKmened ami tlie Isiards forming the aides of the mold were pulled 
up ami set in position for Iniileling another zone of wall. About 35 
men were at work buiUling the walls and constructed an average of 
■jium wpiare feet a day. 
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“The partitions in the building are 2 inches thick and are made of 
solid concrete reinforced by a framework of twisted bars about 

2 feet apart, both vertically and horizontally. The partitions were built 
in molds, and set so that the face comes exactly even with the edge 
of a shrinkage joint in the floor, and always set over a floor beam. 

“The concrete was made of Atlas cement and broken basaltic rock, 
all of which will pass through a 2-inch ring and most of which will 
pass through a i-inch ring. The unscreened rock was mixed with 
cement in the following proportions : For foundations, i to 10 ; for the 
walls, floors and most of the work, i to 6 ) 4 ; for the columns, i to 5 ; 
and for the lower chords of the floor beams, i to 6, using very fine 
stone.” 

In constructing the Ingalls office building in Cincinnati, Ohio, — 
described in Engineering News, July 30, 1903, and Engineering Record, 
July 18, 1903 — the methods used were essentially the same as de- 
scribed above with a few exceptions which will be noted. 

* “The broken stone included the total product of the crusher and was 
fine enough to pass through a i-inch screen. The concrete was mixed 
rather wet to insure complete filling of all interstices around the bars. 
Enough water was used to always give a semi-fluid consistency which 
allowed puddling rather than ramming. It was made wetter for the 
columns than for the floors and girders because the bars interferred 
with the ramming in the molds for the columns. The columns were 
built in one-story lengths and the concrete was rammed in the molds in 
layers not more than 12 inches deep. The concrete was dumped from 
the floor above into the bottom of the mold. The steel rods were 
placed in position before the concreting was commenced, and were 
wired in position. A force of 28 men working with hoisting machines 
and wheelbarrows placed about 100 cubic yards of concrete in a day.” 

The present tendency in concrete building construction is toward 
the use of a concrete made of Portland cement and finely crushed stone, 
mixed very wet and deposited in the molds practically without ram- 
ming. The concrete must be rich in cement to make a good wall un- 
der these conditions. 
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Surface Finish . — Where it is desired to imitate stonework, imita- 
tion joints are formed in the face of the wall and the surface is either 
picked while the concrete is yet tender or is tooled after the concrete 
has hardened. Bush hammering of concrete walls can be done by an 
ordinary workman for from to 2 cts. per sq. ft. Where the con- 
crete is coarse a coating of cement mortar may be applied as the con- 
crete is placed in the molds by means of a piece of sheet steel placed 
from I to 2 inches from the forms ; the cement mortar, usuafly made 
of I part Portland cement and 2 parts sand, is then rammed into the 
vacant space, after the main body of the concrete has been rammed in 
place, and the piece of sheet steel is removed. 

The preparation of the forms requires considerable study to obtain 
a smooth surface and unbroken corners. The use of matched or 
tongued-and-grooved stuff is not desirable as the concrete fills the open- 
ings made by slirinkage and thefe is no room to expand. Unmatched 
boards dry apart and let the water in the concrete leak out, carrying 
with it some of the cement. The best way to build the forms is to use 
narrow stuff and bevel one edge of the boards ; the sharp edge of the 
bevel lying against the square edge of the adjoining board allows the 
edge to crush when swelling and closes up the joint. A coat of soft 
soap applied to the forms before filling, prevents the concrete from ad- 
hering. The soap should be scraped and brushed off with a steel 
brush as the forms are removed. 

For description of concrete round Iiousc at Moose Jaw, Canada, 
see Part IV. 
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Eoundations. 

Introduction. — The design of the foundations for mill buildings 
is ordinarily a simple matter for the reason that the buildings are usu- 
ally located on solid ground and the loads on the columns are small. 
Where the soil is treacherous or when an attempt is made to fix the 
columns at the base the problem may, however, become quite com- 
plicated. 

Bearing Power of Soils. — The bearing power of a soil depends 
upon the character of the soil, its freedom from water, and its lateral 
support. The downward pressure of the surrounding soil prevents lat- 
eral displacement of the material under the foundation and adds ma- 
terially to the bearing power of treacherous soils. 

The safe bearing power of soils given in Table XXIII may be 
used as an aid to the Judgment in determining on a safe load for a 
foundation. However no important foundations should be built with- 
out making careful soundings and bearing tests. 

A soil incapaljle of supporting the required loads may have its 
supporting power increased (i) by increasing the depth of the foun- 
dation; (2) by draining the site; (3) by compacting the soil; (4) by 
adding a layer of sand or gravel ; (5) by using timber grillage to in- 
crease the bearing area ; (6) by driving piles through the soft stratum, 
or far enough into it to support the loads. 

A method used in France for compacting foundations is to drive 
holes with a heavy metal plunger and then fill these holes with closely 
rammed sand or gravel. 

Several kinds of patented concrete piles are now in use to a limited 
extent in this country for building foundations. 


Bearing Power of Soies 


273 


TABLE XXIII. 

Safe hearing rower of soies.”* 


Kind of Material. 

Safe Bearing Bower in Tons 
per Sq. Ft. 

Min. 

M ax. 

Rook-hardest In thiok layers in bed. . . . 
" equal to best ashlar masonry.... 

200 

25 

.10 

" “ “ “ brick 

15 

20 

“ “ poor brick 

6 

10 

Clay in thick beds, always dry 

" “ “ " moderately dry 

4 

6 

2 

4 

soft 

1 

2 

Gravel and coarse sand, well oemontod 

8 

10 

Sand compact and well cemented 

4 

6 

" clean, dry 

2 

4 

Quicksand, alluvial soils, etc 

0.6 

1 


When foundations arc placed on solid rock, the surface of the 
rock should be carefully cleaned of loose and rotten rock and roughly 
brought to a surface as nearly perpendicular to the direction of the 
pressure as practicalile. A layer of cement mortar placed directly on 
the rock surface will assist in bonding the foundations and the footing 
together. 

When foundations arc placed on sand, gravel or clay it is usually 
only necessary to dig a trench and start the foundation below frost. If 
the soil is somewhat yielding or if the load is heavy the foundation 
should be carried to a greater depth or the footings should be made 
wider than for greater depths. 

Bearing Power of Piles. — Probably no subject has been more 
freely discussed and with more conlllcting views and opinions than has 
the safe liearing power of piles. The safe load to put on a pile in any par- 
ticular case is dependent upon so many conditions that any formula for 
the safe bearing power is necessarily simply an aid to the judgment 
of the engineer, and not an infallible rule to be blindly followed. All 

•Traatlae on Masonry Construotlon, liy Ira 0. Baker, —John Wlloy & Sons, 
Fubllshora, Now York. 






274 


Foundations 


formulas for the bearing power of piles <leteimine the safe bearing 
power from tlie weight of the hammer, the length of free fall of the 
hammer, and the penetration of the pile. The penetration of the pile 
for any blow of the hammer depends on the condition of the head of 
the pile, upon whether the pile is driving straight, and upon the 
rigidity of the pile. The penetration of a slim, limber pile with a 
broomed head is very misleading, and any formula will give values too 
large. 

The Engineering News formula for the safe bearing power of 
piles is most used and is certainly the most reliable. It is 

p 2 Wh 
^+1 

where P = safe load on pile in tons; 

W — weight of hammer in tons ; 

h = distance of free fall of the hammer in feet ; 

j = penetration of the pile for the last blow in inches. 

If the pile is driven with a steam hammer the factor unity iu the 
denominator is changed to one-tenth. This formula is supposed to give 
a factor of safety of about 6, and has been shown by actual use to give 
values that are safe. 

Where piles are to be driven through gravel or very hard ground 
the lower ends are often protected with cast iron or steel points. The 
value of these points is questionable and most engineers now prefer to 
drive piles without their use, simply making a very blunt point on the 
pile. In driving piles, care must be used where small penetrations are 
obtained not to smash or shiver the pile. Piles driven to a good refusal 
with a penetration of, say, i inch for the last blow, with a fall of 20 ft. 
and a 2000-lb. hammer will safely suppbrt almost any load that can be 
put on them. 

Piles are usually driven at about 3-ft. centers over the bottom of 
the foundation. After the piles are driven they are sawed off below the 
water level and(i)concrete is deposited around the heads of the piles, or 
(2) a grillage or platform is built on top of the piles to support the walls 
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or piers. The first method is now tlic most common one for mill build- 
ing foundations. 

Pressure of Walls on Foundations. — In Fig^. 133, let W = re- 
sultant weight of the wall, the footing and the load on the wall, 
I ~~ length of the footing and b ™ distance from center of gravity of 
footing to point of application of load IV, and let the wall be of unit 





(a) 

j*" “ “ - 1 il-*. 


w 





length. The pressure on the footing •will be that due to direct load 
W, and a couple with an arm b and a moment = -j- Wb. The pressure 
due to the direct PV will be 

P, ^ PV / 


as shown in (a), 
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and the maximum pressure due to the bending moment, M = + 
will be 

p ^ Me _(>Wb 
2 / 1% 

The pressure at A will be 

F = . (83) 

and at B will be 


P 



W 6 W6 , 
I /a 


(84) 


as shown in (c). 

Now if Pi is made equal to P^ the pressure at B will be zero and 
at A will be twice the average pressure. Placing Pj = in (84) and 
solving for h, we have h = Yt 1. This leads to the theory of the middle 
third or kern of a section. If the point of application of the load never 
falls outside of the middle third there will be no tension in the ma- 
sonry or between the masonry and foundation, and the maximum com- 
pression will never be more than twice the average shown in (a). 

If the point of application of the load falls outside the middle third 
{b greater than ^ 1) there will be tension at B, and the compres- 
sion at A will be more than twice the average. But' since neither the 
masonry nor foundation can take tension, formulas (83) and (84) 
will give erroneous results. 

In (d) Fig. 133, assume that h is greater than Yf, I, and then as 
above, the load W will pass through the center of pressures which will 
vary from zero at the right to P 2X A. If 3 a is the length of the 
foundation which is under pressure, then from the fundamental con- 
dition for equilibrium for translation, summation vertical forces equals 
zero, we will have 


W = Y P 3 a 


and 


P 


2 W 
3a 


( 86 ) 
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Pressure o£ a Pier on Foundation. — Tu Fig. 134, let PF — resul- 
tant of llic .strc.sso.s lu the column and the weight of the pier, I = length, 
c “ depth and n “ the breadth of the footing of the pier in feet. The 
bending moinent at the top of the pier is ilf ~ — '/> 11 d and at the base 
of the pier i.s rr=: — H d c). Now the pier nuust be designed 
so the inaxinuiin prcs.surc on the foundation due to IF and the bending 
moment il/j will not exceed the allowable pressure. The maximum 
pressure on the foundation will be 

IF 


P jP I zh 


I-"- ± 

In * I 


W 

In 


(-f + 04 


W 

'lit 


// {d -1- 2 c) 


(8f.) 

It will be seen from (86) that a .shallow pier with a long ba.se is 
most economical. 

To find the rolation.s between / and c when the maximum pressure 
is twice the average, place 


and 


IF 

« Baa 

In 

I ra 


3 TT jd -I- 2r) 

H /'■* 

3 //(nr -1-2 c) 


(87) 


For any given condition.s tlie value of / that will be a minimum 
may be found by .sub.sti luting in the second member of (87;. 

To illu.strate the method of calculating the size of a pier we will 
calculate the pier required to fix Llic leeward column in Fig. 57. 

Tile sum of tlic .strc.sse.s in column //-17 is a minimum for dead 
and wind load and will be (Talilc V) equal to 4800 4500 = 

9300 lbs. 

Try a pier 3' 0" x 3' 0" on top, 6' o" x 6' o" on the base 
and 6 feet deep, wcigliitig about 16,700 lbs. 

Substituting in (86) we have 


/» - ± 3X 4300 (14 +12) 

'36 6 X 30 

«« 7-12 ± 1553 
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This gives tension on the windward side which will not do, and 
so we will reinforce the footing with beams and make I = 10 ft., and 
increasing weight so that W = 40800 lbs. 

P = 680 ± 559 

= 1239 or 121 lbs. per square foot, which 

is safe for ordinary soils. 

If it had been necessary to drive piles for this pier, a small amount 
of tension might have been allowed on the windward side if the tops of 
the piles had been enclosed in concrete. 

Design of Footings. — The thickness and length of the offsets in 
a concrete or masonry footing are commonly calculated as for a beam 
fixed at one end and loaded with a uniform load over the projecting 
part equal to the maximum pressure on the footing. If ^ = projection 
of the footing in inches ; t = the thickness of the footing in inches ; P = 
pressure on foundation in pounds per sq. ft.; and S =■ safe working 
load of the material of which the footing is made in pounds per square 
inch, by substituting in the fundamental formula for flexure and 
solving for p, 

/ = 4 / ^ ^ ( 88 ) 

The values of 6" in common use are: firct class Portland cement 
concrete 50 lbs.; ordinary concrete 30 lbs.; limestone 150 lbs.; granite 
180 lbs. ; brickwork in cement 50 lbs. 

The projection and thickness of the footing course is sometimes 
calculated on the assumption that the footing course is a beam fixed at 
the center, in place of as above. This solution hardly appears to be 
justified. 

Pressure of Column on Masonry. — The following pressures in 
pounds per square inch arc allowed by the building laws of New 
York. — Portland cement concrete 230 lbs. ; Rosendale cement concrete 
125 lbs. ; Rubble stonework laid in Portland cement mortar 140 lbs. ; 
brickwork laid in Portland cement mortar 250 lbs. ; brickwork laid in 
lime mortar 1 10 lbs. ; granite 1000 lbs. ; limestone 700 lbs. It is very com- 
mon to specify 250 lbs. per square inch for bearing on good Portland 
cement pedestals, and 300 lbs. per square inch is not uncommon. 
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Allowable Pressures. — 'J’he following unit pressures have been 
proposed by Mr. C. C. Schneider in “ Structural Design of Iluildings.” * 

I. l'()iin(iittio)is . — Pressure on foundations not to exceed, in tons 
per square foot : 


Soft clny I 

Orclimiry clay and dry sand mixed with cl.ay 2 

Dry sand and dry clay 3 

Hard clay and firm, coarse sand 4 

Firm, coarse sand and gravel 6 


2. Masonry . — Working pressure in masonry not to exceed, in 
tons per square foot ; 


Common brick, Rosendalc-ccment mortar 10 

" " Portland-cemcnt mortar 12 

llard-hurncd brick, Portland-cemcnt mortar 15 

Rubble masonry, Roscndale-cement mortar 8 

" ‘‘ Portland-cement mortar to 

Coursed rubble, Portland-cemcnt mortar 12 

Firal-claaa masonry, sandstone 20 

" " “ limestone 25 

" " " granite 30 

Concrete for walls; 

Portland cement 1-2-5 20 

" " i-2t4 25 


3. Pressure (Di Wall-Plales . — The pressure of beams, girders, 
wall [ilates, column bases, etc., on masonry shall not exceed the fol- 
lowing, in pounds [ler square inch. 


On brickwork with cement mortar 200 

" rubble masonry with cement mortar 200 

" Portland-cemcnt concrete 350 

“ first-class sand.stone 400 

" “ “ limestone 500 

" " " granite 600 


4. Pcariii}; Porver of Piles.— The maximum load carried by any 
pile shall not exceed 40,000 lbs., or 600 lbs. per sq. in. of its average 
cros.s-sectiona. 

* Trans. Am. Sac. C, F., Vol, 54, 11)05. 
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Piles driven in firm soil to rock may be loaded to the above limits. 
Piles driven through loose, wet soil to solid rock or equivalent bearing 
shall be figured as columns with a maximum unit strain of 600 lbs. per 
sq. in., properly reduced. 

The minimum distance between centers of piles shall be 2p2 ft. 

5. Loads on Foundations . — ^The live loads on foundations shall 
be assumed to be the same as for the footings of columns. The areas 
of the bases of the foundations shall be proportioned for the dead load 
only. That foundation which receives the largest ratio of live to dead 
load shall be selected and proportioned for the combined dead and 
live loads. The dead load on this foundation shall be divided by the 
area thus' found, and this reduced pressure per square foot shall be 
the permissible working pressure to be used for the dead load of all 
foundations. 

6. Reduction of Live Load on Columns . — For columns carry- 
ing more than five floors, these- live loads may be reduced as follows : 

For columns supporting the roof and top floor, no reductions; 

For columns supporting each succeeding floor, a reduction of 
S per cent of the total live load may be made until 50 per 
cent is reached, which reduced load shall be used for the 
columns supporting all remaining floors. 
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Introduction, — The rec[i,ni'cnienLs and the local conditions govern- 
ing the design of Ilnors for shops and mills are so varied and diversified 
that the subject of lloor design can he treated only in a general way. 
I'loors will lie discussed under the head of (i) ground floors and (2) 
[hxira nhove gTound. 

GROUND FLOORS.— Types of Floors.— There arc three gen- 
eral types of ground floors in use in mills and shops: (i) solid heat 
conducting (Inora as stone, hrick or concrete; (2) scmi-clastic, semi- 
heat enndueliug floors as earth, macadam or asphalt; (3) clastic non- 
heat conducting floors of wood or with a wooden wearing surface. 

(i) Floors of the. first class have, been used in Europe and form- 
erly in this country to (piite an extent in .shops and mills, and at pres- 
ent are nmch used in round houses, smelters, foundries and In other 
building.s where the wear and tear arc considerable or where men are 
not re(|iiired to .stand alongside a machine. Fh)ors of this class are 
cold and danii> and make workmen uncomfortable. The wooden shoes 
of tlie eonlhienlal workmen or llic wooden platforms in use in many of 
our shop.s which have tloors of this class, overcome tlic above ohjec- 
tiona to some extent. The gritty dust arising from most concrete floors 
ifl very nltjeelionahle where delicate machinery is used. The noise and 
danger frotn breakage and first cost arc additional objections to floors 
of this class. 

(a) Floor.s of this class have many of the objections and defects 
of Iloor.s of the first cla.s.s, These floons arc liable to be cold and damp 
unless properly drained, and give rise to a gritty dust that is often in- 
tolerable in a machine shop. 
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Earth and cinder floors are very cheap and are adapted to forge 
shops and many other places where concrete and brick floors are now 
put down. Floors of this class should be well tamped in layers and 
should be carefully drained. Tar-concrete and asphalt floors are more 
elastic and conduct less heat than any of the floors above mentioned, but 
the surface is not sufficiently stable to support machinery directly, and 
floors of this class are very much improved by the addition of a contin- 
uous wooden wearing surface. 

(3) Floors of wood or with a wooden wearing surface appear to 
be the most desirable for shops, mills and factories. Wooden floors are 
elastic, non-heat conducting and are pleasant to work on. They are 
cheap, easily laid, repaired and renewed. They are easily kept clean and 
do not give rise to grit and dust. 

The most satisfactory wearing surface on a wooden floor is rock 
maple ^ to inches thick and to 4 inches wide, matched or not 
as desired. The matched flooring makes a somewhat smoother floor and 
is on the whole the most satisfactory. The wearing floor should be 
laid to break joints and should be nailed to planking or stringers laid 
at right angles to the surface layer. The thickness of the planking will 
depend upon the foundation and upon the use to which the floor is to 
be put. 

The different classes of floors will now be briefly discussed and illus- 
trated by examples of floors in use. 

Cement Floors. — The construction of cement or concrete floors is 
similar to the construction of cement sidewalks, the only difference 
being that the floor usually requires the better foundation. The foun- 
dation will depend upon the use to which the floor is to be put, and upon 
the character of the material upon which the foundation is to rest. The 
excavation should be made to solid ground or until there is depth 
enough to allow a sub-foundation of gravel or cinders. Upon this base 
a layer of cinders or gravel 6 to 8 inches thick is placed and thoroughly 
rammed. The cement concrete base, made of i part Portland cement, 
3 parts sand and 5 to 6 parts broken stone or gravel, is then placed on 
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ihe sub-ffHindatitin and ihnniuj'hly raninicd. The cement and sand 
slKHtld lie luixeil dry tmlil the niixlure is of a uniform color, the g;ravcl 
or broken stone is then added, havinp; previously been wet down, and 
tlie concrete is tliorouf^hly mixed, sufricicnt water beinp added during 
the process of tnixing to make a moderately wet concrete. The con- 
crete is tif tlie proper consistency if the nioi.sturc will just flush to the 
toil when tlie concrete is thoroughly rammed. The concrete should be 
mixed mttil the ingreilients are thoroughly incorporated and each par- 
ticle of the aggregate is thoroughly coated with mortar. 


The wearing coat is usually made of i part Portland cement and 
one or two parts of clean sharp sand or granite .screenings that will pass 
through a ’.I-inch screen. The thicknc.s.s of the wearing coat will de- 
pend upon the wear, and varies from j/j to 2 inches thick, i inch being 
a very common tliickne.ss. The mortar for the wearing surface should 
be rather dry and should be applied before the cement in the concrete 
hast* ha.s liegim to set. Care should he usicd to see that there is not a 
layer of water on the uiiper surface of the ba.se or that a film of clay 
washed out of the .sand or gravel has not been deposited on the sur- 
face, for either will make a line of .separation between the base and the 
wearing surface. The mortar is brought to a uniform surface with a 
straight edge, and is rublied and comiirc-sscd with a float to expel the 
water anti air hubbies. As the cenumt sets it is ruhliecl smooth with a 


plastering trowel. Jninl.s .slioulcl be formed in the floor making it into 
blocks about 4 to 8 feet square. 


Cement noor.s are said to be a failure for railway round houses for 
llie reason that they flake and crack after tliey have been used a short 
time, on acctuint of tlie varying changes to which they arc subjected. 


Cement floor.s vary in cost, depending upon the thickness of tlie 
lltKir and upon local conditions. In central Illinois a cement floor hav- 
ing a t-inch surface coat and 3 inches of concrete laid on a cinder 
foundation ft to 8 inches thick can he obtained (1903) for about 12 
cents IKT .square foot. A very substantial concrete floor can usually 
Ik* obtained for about 20 cents per square foot. 
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Tar Concrete Floors. — The following specifications for tar con- 
crete floors are given in circulars Nos. 54 55 the Boston Man- 

ufacturer’s Mutual Fire Insurance Co., and are reprinted in Engineer- 
ing News, March 21, 1S95. 

“The floor to be 6 inches thick, and to be put down as follows : The 
tower 5 inches to be of clean coarse gravel or broken stone, with sufficient 
fine gravel to nearly fill the voids, thoroughly coated with coal-tar and 
well rammed into place. On this place a layer i inch thick of clean, 
fine gravel and sand heated and thoroughly coated with a mixture of 
coal-tar and coal-tar pitch in the proportions of i part of pitch and 2 
parts of tar. This la3'er is to be rolled with a heavy roller and brought 
to a true and level surface ready to receive the floor plank. No sand or 
gravel to be used while wet. 

“A floor of the kind above specified should always be protected by 
a floor of wood over it, and the plank should be laid and bedded in the 
top surface while it is warm and before it becomes hard. 

“For light work the thickness of the lower layer of concrete may be 
reduced one or more inches if upon a dry gravelly or sandy soil. For 
storage purposes where the articles stored are light and trucks are 
little used, the following specification has been found to give a satis- 
factory floor: 

“The lower layer being mixed and put down as above specified, the 
top layer will be of fine gravel and sand, heated and thoroughly mixed 
with a mixture of equal parts of coal-tar, coal-tar pitch and paving 
cement, so that each particle of sand and gravel is completely coated 
with the mixture, using not less than one gallon of the mix- 
ture to each cubic foot of sand and gravel. This layer should be well 
rolled with a heavy roller and allowed to harden several days before be- 
ing used.” 

Brick Floors. — Brick floors are recommended as the most satis- 
factory floors for round houses. Round house floors on the Boston & 
Maine R. R. are made as follows : *Brick is laid flat on a 2-inch layer of 
bedding sand on well compacted earth, gravel or cinders. Joints are left 
open of an inch and are swept full of cement grout. 

Round house floors are made on the Chicago, Milwaukee & St. Paul 
R. R., as follows : *Vitrified brick is laid on edge on a layer of sand i 

•Eighth Annual Report of the Association of Railway Superintendents of 
Bridges and Buildings. 
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to 2 inches thick on a cinder foundation 6 inches thick, 
broomed into the cracks after the brick are in place. 



The cost of this floor per square yard is about as follows ; 


Material. 


Firebox cinders cost nothing $00.00 

Paving brick 0.50 

Tabor. 

Preparing the foundation 0.20 

Laying the brick 0.15 


Total cost per square yard $0.85 

Total cost per square foot cents. 


The cost of brick floors as given in the reports of the Association 
of Railway Superintendents of Bridges and Buildings varies from 9J4 
to 13 cents per square foot. 

The Southern & Southwestern Railway Club — Eng. News, Jan. 16, 
l8g6 — recommends that round house floors be made of vitrified brick 
laid as follows; Make a bed surface of slag or chert about 18 inches 
thick, then put a coat of sand over slag, lay brick on edge and level 
them up by tamping. After this is done a coat of hot tar is applied 
which enters the space between the bricks and cements them together. 

Wooden Floors. — Coal-tar or asphalt concrete makes the best 
foundation for a shop floor. If Portland cement is used, the planking 
will decay very rapidly unless- the top of the concrete is mopped with 
coal-tar or asphalt. A floor laid by Pratt & Whitney Co., of Hartford, 
Conn., is described as follows; “In laying a basement floor about 18 
years since of 10,000 square feet, 8,000 square feet were laid over coal- 
tar and pitch concrete in about equal proportions, and about 2,000 square 
feet were laid over cement concrete. The latter portion of the floor 
was removed in about ten years, the timbers and the plank being com- 
pletely rotted out ; while the other was in a perfect state of preserva- 
toin and has continued so until the present time.” The -floor with tar 
concrete foundations was constructed as follows; “Excavation was 
made about one foot below the floor and six inches of coarse stone 
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was filled in, then five inches of concrete made of coarse gravel, coal- 
tar and pitch, and finally about one inch of fine gravel tar concrete, 
Before the concrete was laid, heavy stakes were driven about three feet 
apart to which the 4" x 4" floor timbers were nailed and leveled up. 
The concrete was then filled in around the floor timbers and thoroughly 
tamped. A layer of hot coal-tar was then spread on top of the concrete 
and the flooring was laid and nailed to the timbers. It is very es- 
sential that the gravel be perfectly dry before mixing and this is ac- 
complished by mixing it with hot coal-tar. What is known as dis- 
, tilled or refined coal-tar must be used as that which comes from the 
gas house without being refined does not work in a very satisfactory 
manner.” 

The following paragraph is abstracted from Report No. V., Insur- 
ance Engineering Experiment Station, Boston, Mass ; 

“Floors over an air space or on cement are subject to a dry rot. 
Asphalt or coal-tar concrete is softened by oil, and the dust will wear 
machinery unless the concrete is covered by plank flooring. Floors 
made by laying sleepers on 6 inches of pebbles, tarred when hot, then 
2 inches tarred sand packed flush with the top of the sleepers, and cov- 
ered with a double flooring, have remained sound for 37 years. Double 
flooring at right angles can be laid on concrete without the use of 
sleepers. It is usually preferable to secure nailing strips to stakes 4 
feet apart each way and driven to grade, concrete flush to top of strips, 
and lay ij^-inch flooring.” 

The floor shown in Fig. 135 was laid in ah extensive shop on the 
Boston & Maine Railway. The earth was well compacted and brought 
to a proper surface and a 4-inch bed of coal-tar concrete put down in 


P/anf< Congiti/aHna/ 
,/ 'Si/' " Transverse 



■ if’ Roofing P/feh 
Compoefeef £arfh 

Fig. 135. 
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three courses. The stones in the lower course were to he not less than 
I inch in diameter. Stones in each course were well covered with tar 
before laying and were well tamped and rolled afterwards. The third 
and finishing course was composed of good clean sharp sand well dried, 
heated hot and mixed with pitch and tar in proper proportions. This 
was then carefully rolled and brought to a true level to fit a straight 
edge. On the finished surface of the foundation was spread a coating 
j4-inch thick of best roofing pitch put on hot and into which the lower 
course of the plank was laid before the pitch cooled. 

Care was taken to have the planks thoroughly bedded in the pitch 
and after laying, the joints were filled with pitch. If vacant spaces 
appeared under the plank, they were filled up with pitch by boring 
through the plank. The cost of this flooring was about 18 cents per 
square foot, using spruce lumber. 

A cheap but serviceable floor may be made as shown in Fig. 136. 
The soil is excavated to a depth of 12 to 15 inches and cinders are filled 
in and carefully tamped. The flooring planks are nailed to the sills 
which are bedded in the cinders. The life of the plank flooring can be 
increased by putting a coating of slaked lime on top of the cinders. 

-- /H'Tbn^i/irda/ja'^raoiA'cf map/e 


'C/naers ''3“f'4"WPNai/in^3trip 

Fig. 136. 

The floor shown in Fig. 137 was used in the factory of the Atlas 
Tack Company, Pairhaven, Mass., and needs no explanation. 

, - /" Mop/e Lonpitueff/ya/ 

/ ^^3 "/ityp/ack D/agona/ 

- ' 'Z" " Transverse 
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A very good floor for mills and factories is shown in Fig. 138. 


Lon(y/n/a/na/ 

/ " " Thsnst'erse 


""/ /?ne Ccncre/e or far or aspha/f 
"3" Concrofe 

Fig. 138. 

The pitch or asphalt will prevent the decay of the plank and will 
add materially to the life of the floor. Maple flooring makes the best 
wearing surface for floors and should be .used if the cost is not pro- 
hibitive. 

The floor shown in Fig. 139 was constructed as follows : Two-inch 
plank, matched and planed on one side, were laid on 3" x 3" chestnut 
joists. The surface of the cinders was kept 2" away from the wood and 

-' 3 ”x 5 '' rZ" P/an h 
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Fig. 139. 

this space was filled with lime mortar. After the surface of the cin- 
ders had been graded, the 3" x 3" joists were held in place by stakes 
nailed to the joists about three feet apart. The lime mortar was then 
filled in around and slightly above the surface of the joists to allow for 
shrinkage. Before laying the floor a thin layer of slaked lime was 
spread over the surface. This floor in an eastern city cost about 85 
cents per square yard; and has a life of 10 to 12 years. 

Examples of Floors. — The floor of the Locomotive Shop of the 
A. T. & S. F. R. R., at Topeka, Kas., is as follows : The floor foun- 
dation is formed of 6 inches of concrete resting on the natural soil well 
tamped. On the concrete are laid 3" x 4" yellow pine stringers at 18- 
inch centers, the whole being covered with 2-inch No. i hard maple, 
surfaced on one side and two edges and milled for i" pine splines. 
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The flooring in the Great Northern Shops at St, Paul, Minn., is 
3" X 1:2" plank on (>" x <S" .sleepers Ijodtlecl in 18 inche.s dry .sand filling. 

The lloor of the locomotive shops of the Philadelidiia and Reading 
R. R., is made of Intuminoua concrete on which arc a .solid course of 
3" X 8" hemlock and a top wearing surface of ij-s" x 4" maple. 

The machine shop floors of the lychigh Valley R. R. at Sayre Pa., 
are of concrete with a maple wearing surface in the high grade buildings 
and yellow pine in the others. 

The Southern Railway has a vitrified brick floor in a round house 
at Knoxville, Tenn., which is giving good satisfaction. The cost of this 
lloor was about $1.00 per square yard. 

Shop floors for the American I,oconiotivc Works, Schenectady, 
N. Y., are described in Engineering Record, May 30, 1903 ,as follows; 

"On a sand fill was laid from 4 to 6 inches of 2El-inch broken stone, 
rammed dry and then flushed with atoufc one gallon of hot tar for 
every square yard of floor. This course was covered with 2 inches of 
hot sand and tar mixed to the consistency of dry mortar, shoveled into 
place and thoroughly rammed to a level surface. Spiking strips made 
of 3" X 4" timbers were imljcdded in the sand at about. 3-ft, centers. To 
these strips were siiiked 2-in. rough hemlock planks, which were in 
turn covered with transverse tongued and grooved ^-in, maple boards 
4 inche.s wide.” 

Cedar Blochs form a neat, clean and durable floor. Care should 
be used where licavy jacking is to be done on wooden block floor 
that the blocks are not farced down through the plank foundation. 

A cedar block floor in the Chic, ago Ave. round house of the C &; 
N. W. R. R., laid on planks on a gravel foundation cost about ii ccnt.s 
per square foot. 

*A cedar block floor on the C, & R. I, R. R., laid directly on a 
gravel foundation cost 8 cents per square foot. 

*A floor constructed of 6 to 8-inch blocks sawed from old bridge 
timbers, set on 2-inch hemlock plank, which in turn rested on 3 inches 


*Kaporta AsBoclatlon of Hallway SuparlnlondQnla of Hrldsoa and Buildings. 
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of dry gravel or sand, has been used on the Ashland division of 
the C. & N. W. R. R., and cost about 4 cents per square foot exclusive 
of the cost of the old timbers. This floor has proved to be quite satis- 
factory. 

FLOORS ABOVE GROUND.— The type of floor used for the 
upper stories of mill buildings will depend upon the character of the 
structure and the use to which the floor is to be put. In fireproof build- 
ings the floors should preferably be constructed of fireproof materials, 
although there is comparatively little risk from fire under ordinary - 
conditions with a heavy plank floor. Where the load on the floor is 
very heavy some form of trough or buckled plate floor is very often 
used. 

I 

Timber Upper Floors. — ^Where steel floor beams are used the 
floor is often made by placing 2" x 6" or 2" x 8" planks on edge and 
spiking them together, the wearing surface being made of hard wood 
boards. Where there is much danger from fire this floor can be fire- 
proofed by plastering it below with wire lath and hard plaster and by 
putting a layer of cement or lime mortar between the plank and the 
wearing surface. The upper surface is also sometimes finished with a 
wearing coat of cement or asphalt. 

The standard floor recommended by tbe Boston Manufacturer’s 
Mutual Fire Insurance Co., for mill buildings constructed of heavy 
timbers, calls for a layer of spruce plank, generally 3 inches thick, laid 
to cover two floor beam spaces and breaking joints every 3 feet; on this 
are laid 3 thicknesses of rosin sized paper, each layer being mopped 
with tar. The top floor is V/i-in. hard wood, preferably maple. The 
main beams arc spaced 8 to 10 feet. “The floor is smoother if laid 
across the line of the plank in the under floor, but traveling loads are 
better distributed when moved in and out of the store house if the top 
floor is laid parallel to the lower plank.” 

Brick Arch Floor. — The brick arch floor shown in Fig. 140 was 
formerly much used in fireproof buildings and is still used to some ex- 
tent in mills and factories. The arch is commonly made of a single 
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Brick Arch Construction 
Fig. 140. 


layer of brick about 4 inches thick, with a span of 4 to 8 feet and a cen- 
ter rise of prcfenilily not less than the span. The space above the 
brick arch is filled witli concrete and a wearing Iloor is nailed to strips 
imbedded in the surface of llie concrete. The most desirable span is 
from 4 to (j feet. Tie rods are commonly placed at aliout the height 
of tlie beam and are spaced from 4 to 6 feet apart. The thrust of the 
arch per lineal foot can be found by the formula 

1 ..''. IV //■‘ 

j « — ^ 

where T == thrust of arch in lbs. per lineal foot; 

IV = load on arch in lbs. per square foot; 

/, ™ s[)an of the arch in feet; 

R = rise of arch in inches. 

The weight of this Iloor is about 73 ^h.s. per square foot. 

Corrugated Iron Arch Floor.-~'l'he corrugated iron arch shown 
in Fig. 14,1 makes a very strong floor for sho[)s and mills. The cor- 
rugated iron acts as a center for the concrete filling above it, and in 
connection with the concrete makes a composite arch. The corrugated 
iron or steel is ordinarily the standard 2j/j-inch corrugations, and the 
gages arc Nos. ifi, iH or JO, depeiuling ufion the load and the length of 
span. Tlic ri.se of the arch shoiikl not be lc.sa than 1-12 the span and 
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Fig. 141. 
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and tie rods are used as in the brick arch floor. 

Expanded Metal Floors. — The floor shown in Fig. 142 is con- 
structed as follows : A wood centering is suspended from the beams, 
with the upper surface of the centering .about i inch below the top of 
the beams, a layer of expanded metal is stretched across the beam 
in sheets and the concrete is spread over and tamped so that the ex- 
panded metal becomes imbedded in the lower inch of the concrete. The 



Fig. 142. 


concrete is usually made of i part Portland cement, 2 parts sand and 
6 parts cinders, and weighs 80 to 90 pounds per cubic foot. Beams 
were formerly spaced from 5 to 8 feet apart, but have recently been 
spaced much farther; spacings as wide as 18 to 20 feet having been 
successfully employed. Expanded metal with 3-inch mesh cut from No. 
10 gage sheet steel is commonly used for floors, which are made 
from 3 to s or 6 inches thick. For the design of expanded metal and 
other forms of reinforced concrete floors, see the author’s “ The Design 
of Highway Bridges.” The companies controlling the patents on this 
material will furnish gratis, data and tables for the design of expanded 
metal floors. Examples of floors may be found by ■ consulting the 
Engineering News, Engineering Record, etc. 

Expanded metal floors are also made as shown in Fig. 143. This 
type is adapted to very heavy floor loads. The arch should have a rise 
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of I- 10 to the span. Tests have shown that the steel work in ex- 
panded inel.'d Honrs is not onlinarily ailectccl hj' the cinder concrete. If 
care is used when erecting' the lloor to coat the expanded metal with a 
coating of I’ordaiul cement mortar l)efore the metal has become rusted, 
the protection against corrosion will he almost perfect. 

Roebling Floor.-— 'I'lie lloor shown in (c) Fig. 144 consists of a 
wire cloth arch, stin'ened by woven-in .stiff steel rods ^ to i-inch in 
diameter, at about tj-ineh centers, which i.s sprung between the Jloor 
beams and abuts on the seat formed by the lower edge of the floor beam, 
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6 feet apart. The concrete is commonly composed of i part Portland 
cement, parts sand and 6 parts clean cinders, and is laid with a 
thickness of not less than 3 inches over the crown of the arch. The 
weights and safe loads for floors constructed on this system are given 
in the manufacturer’s catalog. 

The Roebling Construction Company also makes a floor with flat 
construction as follows ; A light framework is made of flat steel bars 
set on edge and spaced 16-inch centers, with at both ends 

where the bars rest on the steel beams ; braces of half round- iron are 
spaced at intervals to brace the bars. The Roebling standard lathing 
with steel stiffening ribs woven in every 7^ inches, is then 

applied to the under side of the bars and laced to them at each inter- 
section. On this wire lathing cinder concrete from 3 to 4 inches thick 
is deposited. 

“Buckeye” Fireproof Flooring. — The steel flooring shown in (a) 
Fig. 144 is manufactured by the Youngstown Iron & Steel Roofing Co., 
Youngstown, Ohio. This floor is made in two sizes, one for bridge 
floors and the other for building floors. The flooring shown in (a) is for 
buildings, is made in sections of four triangles each in lengths 
up to 10 feet, and will lay a width of 21 inches. Each triangle is 
inches wide and 2^/2 inches deep. The flooring when complete with a 
concrete filling and a iJ/2-inch wearing surface will weigh from 32 to 
35 pounds per square foot. The weights of the metal troughs laid in 
place are given in the following table : 

Weights of metal troughs 2^4 inches deep by' 5 % inches wide, 

INCLUDING SIDE LAPS. 



GALVANIZED 

TROUGHS. 

BLACK 

IRON 

TROUGHS. 


No. 

16—386 

lbs. per 

100 

square 

foot. No. 16—363 

lbs. 

per 

100 

square 

feet 

No. 

17—360 

<( l( 

44 

44 

No. 17—327 

44 


“ 

II 

“ 

No. 

18—313 

41 (4 

44 

44 

“ No. 18—200 

44 

44 

44 

II 

■■ 

No. 

19— 27S 


44 

44 

'* No. 19—254 

14 

(4 

4 

44 

• 4 

No. 

20—241 

44 44 

44 

44 

" No. 20—218 

44 

44 

II 

44 

“ 

No. 

22—204 

44 44 

44 

44 

" No. 22—181 

4C 

41 

44 


*4 

No. 

24—168 

44 44 

<4 

44 

No. 24—146 

44 

41 

41 

44 

44 
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I'lic safe loads in addition to the weight of the floor as given in 
the inamifaclurcr's catalog are given in the following table: 




Sai'ic T.OADS I'OIt 

“iincKimc” 

inRI-lPROOl? Pr.OOR. 



Simn. 

No. IS Clngo. 

No. 20 Gaao. 

No. 22 Gngo. 

No. 24 Gnso. 

a 

tl. 0 In. 

lOGO U)B. 

SOO ilia. 

580 Iba. 

450 lbs. 

3 

0 •' 

sao 

370 

425 •' 

320 ‘‘ 

4 

" 0 " 

fl7G " 

425 “ 

815 " 

280 “ 

4 

M 0 .. 

B70 " 

320 •• 

240 " 

190 ■' 

6 

.. 0 " 

47B ■■ 

250 •• 

0 

00 

185 “ 

a 

" 0 " 

aoo " 

200 •• 

140 •• 



Multiplex Steel Floor .“The steel flooring shown in (b) Fig. 144, 
is mannfactiin'd liy the Merger Wfg. Co., Canton, Ohio. This floor is 
made with corrugation.s from -2 to 4 inches deep and of Nos. 16, iB, 20 
and -!4 gage steel. The triangles arc filled with concrete and the floor 
i.s given a cement finish, <ir is covered with a wooden wearing surface. 
Tallies of safe loads for Miilti|ilex Steel Floor arc given in the manu- 
facturer’s cataUig, and are larger than for the “Buckeye” Flooring for 
the same .span. 

Ferrolnclave.— “Ferroinclavo is fully dc.scribcd in Chapter XTX. 
It lias been used by the Mrown Hoisting Company for floors as well as 
for roofing and siding, ft should make a very satisfactory flooring 
where light loads are to he carried. 

Corrugated Flooring.—Cornigatcd flooring or trough plates 
shown in (a) and (Ii) I'ig. 145, arc used for fireproof floors where ex- 
tra heavy loads are to lie carried in mill builcUngs, in train sheds and 
for bridge fioons. The trouglis arc filled with concrete, which is given 
a fini.shing coat of cement and sand or is covered with a plank floor ; 
the planks being laid directly on the plates or spiked to spilcing pieces 
iniheddetl in the filling. The detaihs, weights and safe loads for corrug- 
ated plates are given in Fencoyd Iron Works’ handbook, in Carnegie 
Steel Company’s handhook, and in Trautwinc’s Pocket-book. Details 
of corrugated plates are also given in the American Bridge Company’s 
“Standards for Structural Details." 
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Corrugated flooring or trough plates are usually very hard to get 
and the Z-bar and plate floor shown in (c) Fig. 145, and the angle and 



Pencoyd Corrugated Flooring ZBar Floor Angle and PloteFloor 

(a ) f b I { C ) ( d 1 

Fig. 145. 


plate floor shown In (d) are substituted. The details, weights and safe 
loads for Z-bar and plate flooring are given in the handbooks above 
named. Angle and plate flooring is made of equal legged angles and 
plates, and the safe loads are not given in the handbooks but must be 
calculated. The moment of inertia, I, of a section of flooring contain- 
ing two angles and two plates is given by the formula 
7 = 2/' + 2^d" + 21 " 

where 7 ' = moment of inertia of one angle about an axis through the 
center of gravity of the angle parallel to the neutral axis of the flooring; 

A = area of one angle ; 

d = distance from center of gravity of the angle to the neutral 
axis of the flooring ; 

7 " = moment of inertia of the plate about the neutral axis. 

The properties of the angles required in the calculations may be 
obtained from the handbooks, and 7 " is equal to one-half the sum of the 
moments of inertia of the plate about its long and its short diameter — 
since the sum of the moments of inertia about any pair of rectangular 
axes is a constant. 

Buckled Plates. — Buckled plates are made from soft steel plates 
from 3 to 5 feet wide, and are from to 7-16 inches thick. Buckled 
plates are made in lengths having from one to 15 buckles or domes in 
one plate. Buckles vary in depth from 2 to inches, however, dif- 
ferent depths should not be used in the same plate. Buckled plates are 
usually supported along the edges and the ends and are bolted to the 
floor beams. The details, weights and safe loads are given in the hand- 
books named above and in the Passaic Steel Company’s handbook. The 
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liuckk'd plates are covered with concrete, which is given a finishing coat 
of cenient or is coveri'd witli plank flooring. 

Steel Plate Iflooring, — iMreproof floors around smelters, etc., are 
often made of steel plates. I'lat steel plates do not make a very satis- 
factory floor for the reasons that the plates will bulge up in the cen- 
ter when fastened around the edges, and because they become danger- 
ously smooth. 

Neversli[) Wrought Steel Floor Plates arc made from 24" x 72" to 36" 
X 120", and from 3-ifi" to i" thick. The.se plates are designed to take 
the place of the cast iron checkered plates formerly used for floors, 
weigh almut 50 per cent less and last much longer. The stock sizes, 
weights and safe loatls for Neverslij) floor plates are given in the Stock 
List of the Sctilly Steel Co., Chicago. 'I'hese lists are issued about six 
times a year and will be sent free upon request. 

Thickness of Timber Flooring. — The thickness of white pine 
ami .spruce flooring for dilTerenl .spans and loads is given in Table 
XXX 11 la. 'rile following fibre ,stres.ses were lused in calculating the 
thieknes.s ; Tran.sver.se hending, tooo lb.; end hearing, tax) Ih. ; bear 
ing across the fibre, 200 Ih. ; shear along tile fibre, iai lb. 


'rAllLF- xxxriia. 

'I’llK KNKSS Of seitiui': ANI» WIllTU 1‘INK I'l.ANK KOIl H.OOUS. 


Tiuc-KNK«!t, IS IstnBti, nm Vahiuu* I.oadb srh HijVAnw Foot o» 1'i.ank. 
Spun In , . . , 

rm<t. Ill, Ml. Ill, III. III. 

atl I -10 j M 7 fi I luu 

4 O.flT.lll.ajUil.V 

5 1,2 1.4 : 1.5 1,9 2,1 

6. 1.4 1.61 1.8 2.2 2.6 

7 T,7 1.9 ,2.1 2.6 3.0 

8 '1,9; 2.2 2.4 3.0 3.4 

9 2.C 2.S 2,7 3.4 .3.9 

10 2 4 2.7 ! 3.1 3.7 ' 4.3 

11 2 6 3.0 '3.4 i 4.1 4.7 

12 2,9 3,3 3.7 i 4..S ; S.2 

13 !3.1 3.6: 4.0 4.9 5.6 

14 13.4 2.9 14.3 ; S.3 ^U 

h'cir yellow pine use ninp-triitlui of tlic above Ihicknc.saes. 




CHAPTER XXIII. 


Windows and Skyughts. 

Glazing. For glazing windows and skylights, two substances, 

glass and translucent fabric arc in common use. 

GLASS.— The principal kinds of glass used in windows and sky- 
lights are (i) plane or sheet glass; (2) rough plate or hammered glass; 
(3) ribbed or corrugated glass; (4) maze glass, (5) wire glass glass 
with wire netting pressed into it ; (6) ribbed wire glass ; and (7) prisms. 

(1) Plane Glass . — Plane or common window glass is technically 
known as sheet or cylinder glass. It is made by dipping a tube in molten 
glass and blowing the glass into a cylinder, which is then cut and 
pressed out flat. Without regard to quality sheet glass is divided ac- 
cording to thickness into “single strength” and “double strength” glass. 
Double strength glass is j 4 -inch thick while single strength glass is 
about i-i6-inch thick. In mill buildings, lights larger than 12” x 14" 
are usually made of double strength glass. With reference to quality 
sheet glass is divided into three grades AA, A, and B. The AA is the 
best quality, the A is good quality while the B is very poor. The B 
grade is suitable only for stables, cellars, etc. For residences, offices, 
and similar purposes nothing poorer than AA should be specified. The 
A grade does very well for ordinary mills, although the AA grade 
should be used if practicable. 

(2) Plate Glass . — Plate glass is made by casting and not by 
blowing, and is finished by grinding and polishing on both sides until 
a smooth surface is obtained. It is usually or 3-16 inches thick. 
The price depends upon the size of the plate and the quality of the glass. 
The rough plate glass used in mills is not finished as carefully as for 
glass fronts, and it may contain many flaws that would not be allow- 
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able in the former case. The roughened surface of the glass prevents 
the entrance of direct sunlight and does away with the use of sun- 
shades. The only value of rough plate glass is in softening the light, 
the loss of light in passing thropgh it being very great. 

(3) Ribbed or Corrugated Glass . — ^Ribbed or corrugated glass is 
usually smooth on one side and has 5, 7, ii or 21 ribs on the other side, 
(a) Fig. 146. It varies in thickness and shape of ribs. “Factory 
ribbed” glass with 21 ribs to the inch is distinctly the most effective of 
the ribbed glasses. 


Ribbed Fksured SheetPrism 

(a) (bl (c) 

Fig. 146. 

(4) Maze Glass . — Maze glass has one side smooth and has a 
raised pattern on the other side roughening practically the entire sur- 
face, (b) Fig. 146. It is quite effective. 

(5) Wire Glass . — ^Wire glass is made by pressing wire netting 
into the molten glass. It is made either plane or with ribs or prisms 
on one side. Wire glass is injured but not destroyed by the action of 
fire and water, and is now accepted by insurance companies as fire- 
proof construction. 

(7) Prisms . — Prisms are made in small sections which are set 
in a frame of lead or other metal, or are made in sheets as shown in (c) 
Fig. 146. lyUxfcr sheet prisms, manufactured by the American Tuxfer 
Prism Co., Chicago, will be cut in any size desired up to 84 inches wide 
(parallel with the saw teeth) by 36 inches high. 

Diffusion of Light.* — ^The light entering a room through a win- 
dow or skylight comes for the most part from the sky and has, there- 

*Eeport No. III. Insurance Engineering Experiment Station, Boston, 
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fore, a general downward direction, varying with the time of day and 
tlie position of the window. The portion of the room which receives 
the most light ordinarily is the floor near the windows, but if we inter- 
pose a dispersive glass in this beam the light will no longer fall to the 
floor but will be spread out into a broad divergent beam falling with 
nearly equal intensity on walls, ceiling and floor. There is of course 
no gain in the total amount of light admitted, the light being simply 
redistributed, taking up from the floor that which fell there and was 
comparatively useless, and sending it where it is of more service. 

Experiments have shown that the diffusion of light in a room lighted 
by means of windows or skylights depends upon the kind and position 
of the glass used. The relative intensity of the light admitted in per 
cents of the light Outside the window for plane glass, factory ribbed 
glass, Luxfer and canopy prisms is shown in Fig. 147*. 
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Fig. 147 shows a great increase in efficiency of factory ribbed glass 
and prisms as .the sky angle diminishes. 


•Report No. III. Insurance Engineering Experiment Station, Boston, Mass. 
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The equivalent areas required to give the same intensity of light 
with the' kinds of glass shown in Fig. 147, are given in Table XXIV 
for sky angles of 30° and 60°. 

TABLE XXIV. 


Equivalent areas for different icinds of glass. 


Kinds of Glass. 

Aiig-le Skylight makes with the Horizontal. 

30° 

60° 

Plane 

100 aq. ft. 

100 sq. ft. 

Factory Ribbed 

25 “ “ 

40 “ “ 

Luxfer Prisms 

17 “ “ 

30 “ “ 

Luxfer Canopy Prisms 

13 “ “ 



The American Luxfer Prism Co., recommends that Luxfer prisms 
be set at an angle of about 57 degrees with the vertical when used in 
skylights. 

Relative Value of Different Kinds of Glass. — Ground glass is of 
little value except as a softening medium for bright sunlight. It be- 
comes opaque with moisture and makes an undesirable window glass. 
Roughened plate glass has very little value as a diffusing medium. Of 
the ribbed glasses, the factory ribbed glass with 21 ribs to the inch gives 
the widest and most uniform distribution and -is distinctly the best. 
There is no apparent gain in corrugating both sides. Ribbed wire glass 
is about 20 per cent less effective than the factory ribbed glass. When 
a glass of a slightly better appearance than the factory ribbed glass is 
wanted the maze glass is the best ; the raised pattern imprinted on the 
back of this glass giving wide diffusion, especially in bright sunlight. 
The prisms are very much more effective than any of the glasses men- 
tioned above, but their cost prevents their use under ordinary conditions. 

Kind of Glass to Use. — Where the amount of skylight is large 
and the light is not obstructed by buildings plane glass is very satisfac- 
tory. Where a superior light is desired, or where the. skylight area is 
less than ample, use factory- ribbed glass in skylights and in the upper 
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panes of windows. Where the skylight area is very small, the light is 
obstructed, or a very superior light is desired, use pri.sms. Wire glass 
should be used where there is danger from fire and in skylights, where 
it removes the necessity of stretching wire netting under the glass to 
protect it and to prevent it from falling into the building when broken. 

Placing the Glass. — Factory ribbed glass is somewhat more ef- 
fective if the ribs are placed horizontal, but the lines of light deflected 
from the horizontal ribs may become injurious to the workmen’s eyes 
and it is now the custom to set the ribs vertical. Ribbed glass should 
have the ribs on the inside for ease in keeping it clean, and where double 
glass is used the ribs should face each other and be crossed. Care should 
be used in setting thick wire glass in metal frames ; the lower edge 
must bear directly on the frame, but the top and sides should fit loosely 
so that the differential expansion of the glass and frame will not crack 
the glass. Plane glass and small panes of other kinds of glass are 
set with glaziers’ tacks and putty. In skylights and large windows 
some method must be used that will allow the glass to expand and con- 
tract freely and at tlie same time will be free from leakage. Several 
methods of glazing skylights without putty are shown in Fig. 148. 
Skylight bar (a) manufactured by Vaile & Young, Baltimore Md., is 
made of heavy galvanized iron and lead. 




(c) 

Fig. 148. 



Bars (b) and (c) are made of zinc or galvanized iron, supported by 
a steel bar. Bar (c) is adapted to small panes of glass and is made 
of galvanized iron; it is made water tight by the use of putty. The 
skylight bars in Fig. 148, all have condensation gutters to catch the 
moisture that leaks through or forms on the inner surface of the glass. 
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The glass in a large greenhouse at Edgely Pa., was secured to the 
sash-bars as shown in (a). Fig. 149. It will be seen that the glass is im- 
bedded in putty on the under side only, and that any water that can pos- 
sibly leak through between the bar and the glass will be caught in 
the drip trough “a”, and be carried to the eaves. The lights are 
16" X 24" and the sash-bars are spaced 24% ins., c. to c. The lights 
are held in place by two patent glazing points per light, driven in such 
a way as to prevent the glass from moving. The lights overlap but 
i-i6-in., the leakage having been found to be smaller and less liable to 
occur with this than with a larger lap. 

The Paradigm system of glazing is shown in (b) Fig. 149. This 
system is in use in a large number of shops, among which the steam 
engineering buildings for the Brooklyn Navy Yard, described in Part 
IV, is one of the best examples. The patents for the Paradigm skylight 
are controlled by Arthur E. Rendle, New York. 

Skylights are of two types; (i) box skylights covering a small 
area and placed on a curb raising the glass above the roof, and (2) 
continuous skylights usually placed in the plane of the roof. The glass 
used for skylights varies from ^ to inch thick and should preferably 
be wire glass. The glass used for skylights usually comes in sheets 
about 20 inches wide and up to 8 feet long. 

The details of a box skylight manufactured by Vaile & Young, 
Baltimore, Md., is shown in Fig. 150. 

Use of Window Shades. — Where factory ribbed glass is placed 
so as to throw light on the ceiling, screens or shades are seldom required. 
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Fig. 150. 

however, under ordinary conditions shades are necessary when bright 
sunlight strikes the window. The glass used in factory ribbed and 
rough plate glass as made in England is somewhat opaque, and the 
atmosphere is somewhat hazy, so that the use of shades in their shops 
is in most cases unnecessary. The glass made in this country is so 
clear and our atmosphere is so translucent that it has been found nec- 
essary to use shades where windows and shades are exposed to direct 
sunlight. The most effective and satisfactory shade is a thin white cloth, 
which cuts off about 60 per cent of the light. 

Size and Cost of Glass. — The regular stock sizes of plane glass 
varies from 6 x 16 inches by single inches up to 24 x 30 inches, and above 
that by even inches up to 60 x 70 inches for double strength glass and 
30 X 50 inches for single strength glass. 

The weights of different thickness of glass, assuming 156 pounds 
as the weight of one cubic foot of glass are given in the following table : 

Weight oe geass per square foot. 

Thiokneas— In % 3.I6 % % % % % 1 

Weight— lbs 1.62 2.43 3. 26 4.88 6.50 8.18 9.76 18 

The cost varies with the quality and the size, being about twice as 
much to glaze a given area with 30 x 36-inch lights as with 10 x 12- 
inch lights. The discounts given from the standard price list vary so 


Cost op Windows 


30s 

much that prices are of very little value except to give an idea of the rel- 
ative cost of different sizes of glass and to serve as a basis for estimates. 

In 1903 American window glass was quoted about as given in 
Table XXV. 

TABLE XXV. 

Cost op window gi.ass in civNTs pivr square foot. 

Size of Tviffhts 
111 Iiichca. 

10 X 12 
14 X 20 
1C X 24 
20 X 30 
24 X 30 

In 1903 the different kinds of glass were quoted in small quantities 
at the factory about as follows : 

Wire glass inch thick 23 cents per sq. ft. 

Eactory ribbed glass inch thick 9 " “ " “ 

Maze glass inch thick 12 “ “ " “ 

Maze glass 3-16 inch thick 18 “ “ “ “ 

Prismatic glass from 25 to 50 cents per .sq. ft. 

Refrax glass (sheet prisms) made by the Union Plate Glass Co., 
Limited, Pocket Nook, St. Helens, England, was quoted in 1903 as 
follows at the factory : Ordinary refrax glass J 4 " thick with 5 prisms 
to the inch, cut to any size up to 60" x 90", 20 cents per sq. ft. ; wired 
refrax glass 5-16 inch thick with 5 prisms to the inch, cut to any size 
up to 40" X 90", 25 cents per sq. ft. 

Maltby prisms, made by Geo. K. Maltby, Boston Mass., 3-16" 
thick with 6 prisms to the inch costs about 25 to 30 cents per sq. ft. 

Cost of Windows. — ^Windows with frames for mill buildings will 
cost from 15 to 25 cents per square foot, depending upon the size and 
quality of the sash, the size of the opening, and cost of glass and 
frames. In 1900 the cost was about 16 cents per square foot for D. S. 


Riiifflc Strciifctli. 


Double Sti’cujrth. 
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glass with box frames and sash, and 9 cents for S. S. glass with plank 
frames and sash. In 1900 skylights cost from 23 to 30 cents per square 
foot with D. S. glass. Windows are commonly estimated at 25 cents 
per square foot and skylights at from 40 to 50 cents per square foot 
in making preliminary estimates. 

The American Luxfer Prism Company manufacture sheet prisms 
for factory purposes that can be cut to fit any opening up to 36" x 84". 
The cost of sheet prisms to fit ordinary windows is about 40 cents 
per square foot. The improved skylight prisms made by this company 
cost about $1.50 per square foot. 

TRANSLUCENT FABRIC. — Translucent fabric consists of a 
wire cloth imbedded in a translucent, impervious, elastic material, prob- 
ably made of linseed oil. The fabric may be bent double without cracking 
and is so elastic that changes due to temperature or vibrations do not af- 
fect it. If a sheet of translucent fabric is suspended and a fire applied to 
the edge, it will burn up leaving a carbonaceous covering on the wire. 
But if the edges are protected it will burn only with great difficulty. 
Live coals falling on skylights of this material will char and burn holes 
but will not set fire to the fabric. It is therefore practically fireproof. 

Translucent fabric will not transmit as much light as glass, but 
makes a most excellent substitute therefore. It shuts off sufficient 
light so that the lighting is uniform throughout the shop and makes it 
possible for men to work directly under it without shading. Where 
■ one-quarter of the roof is covered with the fabric the lighting is prac- 
tically perfect. The fabric should be washed with castile soap and 
warm water occasionally, and should be varnished every year or two 
with a special varnish furnished by the manufacturers. It is said to 
become less opaque with age. When properly cared for the fabric 
has been known to give good service for ten years. The fabric is man- 
ufactured in sheets 3' 3" wide and in lengths from 4' 6” to 9' o". 
The framework for translucent fabric is the best made of wood. A 
slandard frame for sheets 3' 3" x 6' 3" is shown in Fig. 151. The fab- 
ric must be stretched tight and carefully nailed around the edge.s of 
the sheet. The capped joint with metal cap shown in Fig. 151 is very 
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satisfactory as it holds the fabric tight, and will give slightly to accom- 
modate clianges in temperatnre. 

Cost of Translucent Fabric. — The fabric co.sts from 13 to 15 cents 
per .scjuare foot at the factory at Quinc}', Mass.* The framework, 
freight and cost of laying will probably he as much more, making the 

t 

entire cost of sk3iights from 25 to 30 cents per square foot. 

Translucent fabric has been epute widely u.scd and has given uni- 
formly good results. It has been u.scd recently in the A. T. & S. F. 
R. R. shops at Topeka, Kas. 







*'--NSj5S3mri 




Otnx!t*9k)n$ /tv 

Z.vcff <^nt 




BR 


■ 



■ 


BBR 

1 

H 


1 

HB 

MB 

B 



0^11 of OotoU of Oetoil of 
top Jdnr Lock Joint Copped Joint 

Fig. 151. 


MolAod Of To atoning 
Znds of Wire 


Double Glazing. — 'I'he condensation on the inner surface of glass 
can he [ircvented by double glazing the windows and skylights. Bnihl- 
ing.s with doiihle glazing are also very imich easier to heat than those 
with single glazing, the air space lielween the sheets of glass acting as 
an almost perfect non-eoiiduelor of lieat. 

Details of Windows and Skylights. — The details of windows in 
use in dilTcrent sections of the country vary a great deal on account of 
the varied conditions. In buildings that have to he heated and ventil- 
ated tlirougli the windows at the same time, it is necessary to provitic 
some mcams of ojiening and clo.sing the windows quickly and easily, 
wliilc in many other case.s tlie .sash can remain fixed. The author would 
call especial attention to the saving in fuel by the u.se of double glazing; 
the I0.S.S of heat through a double glazed skylight has been shown by 
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experiment to be only about one-half what it is through a single glazed 
skylight. 

Details of windows fetr u.se in ordinary brick and stone walls can 
be found in books on architectural conslrnction and will not be given 
here. A few of the best de.signs available for windows in l)uildings 
with corrugated steel, expanded metal and plaster, and similar walls, 
have been selected and are given on the following pages. 

The different types of windows for htiildings covered with cor- 
rugated steel siding as used by the American Ilridge Company are shown 
in Figs. 152 to 156 inclusive. 
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The sash frames arc constructed of white pine and arc glazed usu- 
ally with A (pialityAnierican glass. The common sizes of glass used in 
these windows are 10" X I j", 12" X 12", 10" x 14" and 12” x 14” single 
strength. Tor lights larger than 12" x 14", double strcngtii glass is 
used. The window shown in Tig. 152 is u.sed where light is desired 
without ventilation. This detail is used principall}’’ for monitor ven- 
tilators or for windows placed out of reach. Where it is desirable to 
obtain ventilathui as well as light the window frame with sliding sash 
shown in Tig. 153 is u.sed. 
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Tio. 153. Dksfgn i'or window i?rami5 with sudino sash. 
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Fig. 154. Design eor window erame with counterbalanced sasi-i. 

Amount of Light Required. — ^The amount of glazed surface re- 
quired in mill buildings depends upon the use to which the building is 
to be put, the material used in glazing, the location and angle of the 
windows and skylights, and the clearness of the atmosphere. In glazing 
windows for mills and factories in which the determination of color 
is a necessary part of the work, care should be used to obtain a clear 
white glass for the reason that the ordinary commercial glass breaks 
up the light passing through it so that the determination of color is 
difficult. 
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It is eoiDirinn to specify that not less than 10 per cent of the ex- 
terior surface of ordinary mill buildings and 25 per cent of the exterior 
surface of machine shops aiul, similar structures shall be glazed. One- 
half of the glazing is usually required to he in the roof in the form of 
skylights. With translucent fabric it has been found that the lighting 
is good where 25 per cent of the roof is glazed. 

The present tendency in shop and factory design is to make as 
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PLAN 

Fig. 156. Design for window frame with swinging sash. 

much of the side walls and roof of glass as possible ; the danger of leak- 
age around and through skylights has prevented many from making 
use of skylights, although with the present methods of glazing there 
is no reason why any leakage should occur. The shops of the Grant 
Tool Company, at Franklin, Pa., shown in Fig. 157, is a good illustra- 
tion of side wall lighting, while the steam engineering buildings for the 
Brooklyn Navy Yard, described in Part IV, is a good illustration of 
side wall and skylight lighting. The A. T. & S. F. shops described 
in Part IV, Is a good illustration of side wall, skylight and saw tooth 
roof lighting combined. 

The Central Railway of New Jersey shops at Elizabeth, N. J., 
have skylights made of translucent fabric in the different buildings in 
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Fig. 157. Sitni’s oe the ouant tqou works^ erankein, pa. 


per cciila of the ciiuirc roof surface as follows: Blacksnhtli shop 30 
I)er cent ; machine shop 36 per cent ; and paint and repair shop 55 per 
cent. 

The T^ackawanna and Wc.stcrn Railway blacksmith sliop has 13 
aciimre feet of skylifjht per lOO square feet of floor area. 

In the Great Northern Railway shops at St. Paul, Minn., — Railway 
Gazette, June 16 , T903 — all .skylights have j 4 -inch ribbed glass, below 
which la double streiiglh window gla.ss. Suitable drainage is provided 
for the nioi.sture which collects on the upper surface of the latter. Wire 
netting is stretched under the skyliglits to prevent broken glass from 
falling into the shops. The walla are supplied with windows set at 12 
feet centers, 55 panes to eacli sash. 

The akylights of tlic A. T. & S. F. R. R. shops at Topeka, Kas., 
are made of translucent fabric, al)OUt 20 per cent of the roof surface 
being fabric. 

The skylights of the machine shop of the Chicago City Railway 
are made of wire glass, about 35 per cent of the roof being glass. 
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The machine shop of the Lehigh Valley Ry., at Sayre, Pa., will 
have the side windows of plane glass. The locomotive shop will have 
factory ribbed glass in the side windows and wire glass in the roof 
and monitor skylights. 

About 25 per cent of the roof of the St. Louis Train Shed is sky- 
I'ight. 

In the American Car and Roimclry Company’s shop at Detroit, 
about 27 per cent of the exterior surface is ribbed glass. . 

Fully 60 per cent of the exterior surface of the Steam Engineer- 
ing Buildings for the Brookljm Navy Yard is of glass. 



Fig. 157a. Details of Saw Tooth Windows for P. & L. E. R. R. 
Shops. See Fig. 84d. 
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Experience with Skylight Construction for Railway Train 
Sheds. — In 11)04 a coiniuUU'o. was appoiiUed by a prominent eastern 
trunk line In investigate and report on train shed skylight failures and 
their remedy. 1 he eoininittee examined the Hroad Street Station train 
shed, ( amden and Reading Terminal train sheds, and other structures 
in I'hiladelphia ; the train shed at Jersey City; the North German 
Lloyd Steamshi|i piers at llohokeu; llie N. Y. C. & II. R. R. R. 
train shed, the Macey lluilding, and other structures in New York; 
the South Lhiion, North Union, and Hack Ray stations, and the 
Charlestown Navy Yard in lloston; the Union Station, and the Pitts- 
burg & Lake Lrie station in Pittsburg; and the VVestinghousc Shops 
in Last Pittsburg. A e,om[)lete report is printed in Engineering News, 
April ai, ujcq. 

The eonelnsions of the committee were as follows: 

t. 'I'hat gas and smoke from locomotives, because of its influence 
on the metal framework of skylights, is the primary cause of the 
breakage of glass. 

а. 'I'hat the contraction and expansion of the metal frame is 
also a serious cause of breakage where the glass is tightly fitted in 
the frames, 

3. I’rom the testimony elicited and from personal observations, 
we find the percentage of breakage in ribbed, hammered, and wire 
glass is about ecpial. We do not find that the breakage of wire glass 
results from any internal stress being set up by the contraction and 
cx])ansion of the wire within. 

4. 'Phe larger sizes of glass break more readily than the smaller. 

5. Glass set horizontally, or at an angle, breaks more readily 
than glass .set vertically. 

б, 'Wire netting hung under glass, from the effect of gases upon 
it, i.s unreliable. 

7. Wire glass is most desirable, because when fractured, the 
wire will getierally bold it in position until repairs can be made. 

H. Steel liars, sucli as are used in skylights at Hroad Street and 
Jensey City train sheds, because of the effect of the gases on same, arc 
un.Hatis factory. 

<). Wooden bars, such as arc used in skylights at the Jersey City 
train shed, are desirable, being unaffected by gases. We recommend 
a zinc ca[) in the place of the wooden cap. 
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10. We recommend that a zinc expansion bar be used with brass 
bolts in preference to wooden bars. We are led to this conclusion from 
the condition of the zinc cap on the skylights on the Jersey City train 
shed, wliich show no deterioration from effect of gas. 

11. We recommend that the sizes of glass used in skylights should 
not exceed 24 X 36 inches. 

12. We recommend for future construction and present train 
sheds, where same can be adopted, a monitor form of skylight, prefer- 
ably placed parallel with the tracks, of large dimensions; set far 
enough apart so that one monitor will not obstruct the light of an- 
other; small sizes of glass, set in wooden or approved metal frames, 
frames set loose enough to overcome the contraction and expansion of 
the metal work of the shed. 

13. We recommend ventilating the monitors at the top, the open- 
ing being covered with an umbrella shelter, also by putting on each 
side of the monitor an opening under the eaves above the glass the 
entire length. 
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Ventilation. — Mill buildings arc ventilated either by forced draft ! 

or by natural ventilation. Natural ventilation is usually sufficient, al- j! 

lbf)ugh forced ventilation is necessary in many factories and mills. The ^ 

prolileiu of ventilation is too large to consider fully in this place and | 

the natural nielliod of ventilation only will be discussed. The amount p 

of air retiuired depends on the use to which the building is to be put; !| 

a common specilieation for the ventilation of mill buildings being that 
ventilators shall be provided and located so as to ventilate the building 
properly, and shall have a net opening for each loo square feet of floor 
s[tace of not less titan one-fourth square foot for clean machine shops 
and similar bulhlings ; of not less than one square foot for dirty ma- 
chine shops; of not less than four square feet for mills; and not less 
than six sciuare feet for forge shops, foundries and smelters. Ventila- 
tors in high buildings are more cITcctlve than in low ones. The follow- 
ing table will give an idea of tlic cflcct of height on ventilation.* 

Ileiglil above ground. ao' 30' 40' 50' 

Machine shop, sq, ft. per too % % Yi round vents. 

Mills, « « i< « g g ^ Louvre vents. 

I'orge shops, « » « <( ^ g ^ 5 Louvres or 

open vents. 

Monitor Ventilators. — The openings in the clerestory of monitors 
arc fitted witli louvres, slnittcrs or sash, or may be left entirely open. 

I.ouvrcs are made in many different ways, the Shifficr Louvres shown in 
I'ig. 158, and the Tlerlin Louvres shown in Fig. 159, arc in common use. 

The details of these louvres as made by various firms differ some- 
what. 
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Fig. 159. Berlin louvres. 

The details of the ShifiBer louvres shown in Fig. 158, and of the 
Berlin louvres shown in Fig. 159 are those adopted by the American 
Bridge Company. The details of the louvres are shown in the cuts and 
need no further explanation. 
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Details of a hinged shutter arc shown in Fig. i6o. The angle iron 
frame is covered with a corrugated iron covering-. The shutters arc 
made from 6 to lo feet long, with two hinges for shutters 8 feet long 
and three hinges for shutters more than 8 feet long. Where shutters 
are to be glazed they are hung as in Fig. 156. The lever gear shown 
by the dotted lines is used in the better class of structures. This device 
can be used where the shutters are glazed if care is used in operating. 

In smelters the clerestory of the monitor is often left entirely open 
or is slightly protected by self acting shutters. In the latter case the 
shutters are hinged at the bottom and are connected at the top with each 
other and with a counter-weight so that the shutter will. ordinarily make 
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an angle of about 30 degrees with the vertical. A wind or a storm will 
close the windward shutter and open the leeward shutter wider. The 
eaves of the monitor are made to project, so that very little of the storm 
enters. 

Cost. — The shop cost for louvres is ordinarily about i cent per 
pound. To this must be added the cost of the sheet steel and the cost 
of the framework and details. In 1900 louvres without frames cost 
about 25 cents per square foot. 

Circular Ventilators. — Circular ventilators are often used for ven- 
tilating mill buildings in place of the monitors, and on buildings requir- 
ing a small area for ventilation. They are made of galvanized iron, 
copper or other sheet metal, and are usually placed along the ridge line 
of the roof. 



Acorn Ventilator. BUCKEYE VENTILATOR. 

Fig. 161. Circular ventilators. 



Circular VF,NTii,A’roRS 


321 


There are many styles of circular ventilators on the market, a few 
of which arc shown in I'ig. 161. The Star ventilator made by Mer- 
chant & Co., Chicago, is qiiitc often used and is quite efficient. It is 
made in sizes varying from 2 to Go inches. In 1903 Star ventilators 
made of galvanized iron were (luoted about as follows: 12-in., $2.00; 
18-in., $6.75 ; 24-ia., $10.00; 40-in., .$45.00. 

The Globe ventilator made by the Cincinnati Corrugating Com- 
pany, Cincinnati, Ohio ; the Garry ventilator made by the Garry Iron 
& Steel Roofing Co., Cleveland, Ohio ; and the Acorn and Buckeye ven- 
tilators made by the Young.stown Iron & Steel Roofing Co., Youngs- 
town, Ohio, arc quite efficiont and all cost about the same as the Star 
except the Garry ventilator, which is cheaper. 

Home-made circular ventilators can be made that are quite as sat- 
isfactory as the patented ventilators and arc nnich less expensive. In 
1900, ten 36-inch circular ventilators cost $12.25 each, and two 24- 
inch circular ventilators co.st $9.25 each in Minneapolis, Minn. The 
cost of the 24-inch ventilators was large on account of the small number 
made. 
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Doors. 

Paneled Doors. — For openings from 2' o" x 6' o" to 3' 0" x 9' o" 
ordinary stock paneled clpors are commonly used. The stock doors 
vary in width from 2' o" to 3' o" by even inches and in length by 
4" to 6" up to 7' 0" for 2' 0" doors, and 9' o" for 3' o" doors. Stock 
doors are made and inches thick, and are made in three grades, 
A, B and C ; the A grade being first class, B grade fair and C grade 
very poor. Paneled doors up to 7 feet wide and 234 inches thick can 
be obtained from most mills by a special order. 

Wooden Doors. — Wooden doors are usually constructed of 
matched pine sheathing nailed to a wooden frame as shown in Fig. 162 
and Fig. 163. 

Section A-A 
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Fig. 162, Fig. 163. 



cl woocicn siuiing cioor m rig. 103. incsc uoors arc mauc 01 wnue pine. 
Doons up to four feet in widtli should be swung on hinges ; wider doors 
sliould be made to slide on an overhead track or should be counter- 
balanced and raise vertically. Sliding doors should be at least 4 inches 
wider and 2 inches higher than the clear opening. 

''Sandwich” doors arc made by covering a wooden frame with flat 
or corrugated steel. 'I'lic wooden framework of these doors is com- 
monly made of two or more thicknesses of %-inch dressed and matched 
white pine sheatihng not over 4 inches wide, laid diagonally cand nailed 
with clinch nails. Care must be used in handling sandwich doors made 
as above or they will warp out of .shape. Corrugated steel with iJ 4 " 
inch corrugations makes the neatest covering for sandwich doors. 

For swing doors use hinges about as follows : For doors 3' x 6' or 
less use lo-inch strap or lo-inch T hinges; for doors 3' x 6' to 
3' X R' use 16-inch strap or i6-iiich T hinges ; for doors 3' x 8' to 4' x 10' 
use 24-inch strap hinges. 

Steel Doors. — Details of a steel lift door arc shown in Fig. 164. 
This door is counterbalanced by weights and lifts upward between ver- 
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tical guides. This door was covered with corrugated steel with i]/^- 
iiieh eorrugations as described in the cut. 

Details of a steel sliding door are shown in Fig. 165. This door is 
made to slide inside the building and swing clear of the columns. 
Where the columns are so close together that there is not room enough 
for the door to slide the entire length of the opening, it should be 
placed on the outside of the building. The track and hangers shown 
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Steel Sliding Door 
Fig. 165. 


make a very satisfactory arrangement ; however there is a tendency for 
the wheels to jump the track unless the grooves in the wheels are 
made very deep. 

There are quite a number of patented devices on the market for 
hanging sliding doors. The Wilcox trolley door hanger, track and 
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bolt latch shown in Fig. i66, arc efficient anti arc quite generally used. 
The prices of the door fixtures shown in I'ig. i 6 C 5 are about a.s follows : 
door hangers, .$2.25 to $3.00 per pair; steel track, 10 to 25 cts. per ft.; 
clips, 15 to 25 cts. each; door latch, $1.00, f. o. b. the factory at 
Aurora, 111 . Discounts for this and .several other well known makes 
of door fixtures are given each week in the Iron Age, New York, and 
the list prices arc given in the manufacturer’s catalogs. 


Wilcox Gravity Door Bolt and Latch 

Fig. 166. 

Cost of Doors.-- Stock panel door.s cost $1.50 to $5,00 each, depend- 
ing upon the grade, size and conditions. The details of steel doors 
vary so much that it is nccc.ssary to make detailed estimates in each 
ease. The shop cost of the framework is often quite high and may 
nm as high as 3 or 4 cts. per ix)und. 'i'hc wooden frames for sandwich 
doors cost from 20 to 25 cts. per .square foot. Tlie cost of hinges, bolts, 
etc., required for doors can be found by applying the cliscount,s given in 
the Iron Age to the list prices given in the standard lists (see Chanter 
XXVIIT). 


Wilcox Trolley .Door Hanger 



CHAPTER XXVI. 

Shop Drawings and Rudes. 

SHOP DRAWINGS. — The rules for making shop drawings in 
use by the American Bridge Company are given in their Standards for 
Structural Details, and are reprinted in part, in Roofs and Bridges, 
Part III, by Merriman and Jacoby. The following rules are essentially 
those in common use by bridge companies, for mill buildings and ware- 
houses. 

Make sheets for shop details 24 by 36 inches, with two border 
lines, y2 and i inch from the edge, respectively. For mill details use 
special beam sheets. The title should come in the lower right hand 
corner, and should contain the name of the job, the contract number, 
and the initials of the draftsman and checker. 

Detail drawings should be made to a scale of % to l inch to the 
foot. Members should be detailed as nearly as practicable in the po- 
sitions in which they occur in the structure. Show all elevations, sec- 
tions, and views in their proper positions. Ploles for field connections 
should always be blackened. Members that have been cut away to show 
a section, may be either blackened or cross-hatched. Members, the 
ends of which are shown in elevation or plan, should be neither black- 
ened nor cross-hatched. Ploles for field connections should be located 
independently, and should be tied to a gage line of the member. When 
metal is to be planed, the ordered and finished thickness should be given. 

In making shop drawings for mill buildings two methods are in 
use. 

The first method is to make the drawing so complete that templets 
can be made for each individual piece, separately on the bench. 

The second method is to give on the drawings only sufficient di- 
mensions to locate the interior of the members and the position of the 
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pieces, leaving the templet-maker to work out the details on the laying- 
out floor. 

The first method is illustrated in Fig. 95 and the second in Fig. 
96. In the second method sufficient figui'cs should be given to proper- 
ly locate the main points in the truss ; the interior pieces should be lo- 
cated by center-lines corresponding to the gage lines of the rivets, 
tlic centers of gravity lines or the outside edges of the pieces, as the case 
may be. The drawings should always indicate the number of rivets to 
be used in each connection, the size of rivets, the usual rivet pitch, and 
tlie minitmim pitch allowed. 

Erection Plan. — The erection plan should be made very complete. 
All the notes that it is necessary for the erecter to have, should be put 
on the erection plans ; how much of the structure is to he riveted and 
how much liolted, whether it is to be painted after erection or not, 
whether the windows and doors arc to be erected or not, etc. Center 
line drawings are usually sufficient for the erection plans. The name 
and the size of the piece should be given and every piece should have a 
name. 

The following method was used by the Gillcttc-Iierzog Mfg, Co., 
for mill buildings, and was very satisfactory: 

If the points of the compass arc known, mark all pieces on the 
north side with the letter “N”, those on the south side with the letter 
“S”, etc. Mark girts N. G. i; N. O. 2; etc, Mark all posts with a 
diflercnt number, thus ; N. P. i ; N. P. 2 ; etc. Mark small pieces which 
are alike with the same mark; this would usually include everything 
except post.s, trusses and girders, but in order to follow the general 
marking scheme, where pieces arc alike on both sides of a building, 
change the general letter; c. g. N. G. 7 would 1)0 a girt on the north 
side and S. G. 7 the same girt on south side. Then in case the north 
and .south si(le.s arc alike, only an elevation of one side need be shown, 
and under it a note thus; “Pieces on south side of building, in cor- 
responding positions have the same number as on this side, but prefixed 
l)y the letter “S” instead of the letter “N.” Mark trusses T. i ; T. 
2 ; etc. Mark roof pieces R. i ; R. 2 ; etc. 
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The above scheme will necessarily have to be modified more or 
less according to circumstances ; for example, where a building has dif- 
ferent sections or divisions applying on the same order number, in 
• which case each section or division should have a distinguishing letter 
which should prefix the mark of every piece. In such cases it will per- 
haps be well to omit other letters, such as N., S., etc., so that the mark 
will not be too long for easy marking on the piece. In general, how- 
ever, the scheme should be followed of marking all the large pieces, 
whether alike or not, with a different mark. This would refer to pieces 
which are liable to be hauled immediately to their places from the 
cars. But for all smaller pieces which arc alike, give the same mark. 

For architectural buildings adopt the following general scheme of 
marking: The basement “A”; first floor “B”; second floor “C”; then 
mark all the pieces on the first floor B. i ; B. 2 ; etc. ; columns between 
first and second floors B. C. 'J ; B. C. 2; etc. 

It will greatly aid the detailing, checking and erection if small sec- 
tions are made showing the principal connections, such as girt connec- 
tions, purlin connections, etc. 

The erection plans of a mill building drawn in accordance with 
these rules are shown in Fig. 167 and Fig. 168. 

CHOICE OF SECTIONS. — In designing, it will be found eco- 
nomical to use minimum weights of sections, and to use sections that 
can be most easily obtained. As small a number of sizes should be 
used as is practicable where material is to be ordered from the mill, 
if good delivery is to be expected. The case with which any section can 
be obtained in a mill order, depends upon the call that that particular 
mill is having for the given section. If there is a large demand for 
the section, it will be rolled at frequent intervals, while if there is 
little or no demand for the section, the rollings are very infrequent and 
a small order may have to wait for a long time before enough orders 
for the section will accumulate that will warrant a special rolling. The 
ease with which sections can be obtained will, therefore, depend upon 
the mill and the conditions of the market. The standard and permissible 
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sizes of sections in use by the American Bridge Company, are given in 
the following table. 


Standard Angles. Permissible Angles. 


6" X 6" 

/" n ft 

6 X 4 

8" X 8" 

6" 

X 354" 

4" X 4 " 

5" X 3 ^ 4 " 

5" X 5" 

4" 

■ X 354 

3/2" X sy," 

4" X 3" 

2yy X 2yy' 

354 ' 

X 2 j 4 

3" X 3" 

354 " X 3" 

2" X 2" 

3" 

X 2" 

2/2" X 2/2" 

3 " X 2 J 4 " 





X 2" 




Standard Channels. 

Permissible Channels 

15 

8 " 


9" 


12" 

6 " 


7 " 


10" 





Standard I Beams. 

Permissible I Beams. 

20" 

10" 


24" 


18" 

8 " 


9 " 


15" 

6 " 


7 " 


12" 



5 " 



Permissible Tees. 




3" X 3" X yy 

2" X 2" 

X 5-16" 



Permissible 

Zee Bars. 



6" 

5 " 

4 " 


3 " 


Standard 

Flats. 



lyy 

3" 

6 " 


12" 

m" 

3/2" 

7 " 


14" 

2" 

4 " 

8" 



2 J 4 " 

454 " 

9 " 




5 " 

10" 




Standard 

Rounds. 





i" 

154 " 

154" 


Standard 

Squares. 



yy 

%" 

I" 

154" 

154" 


Other sizes than those specified may be obtained, but the time of 


delivery will be very uncertain unless the order is large enough to war- 
rant a rolling. 

Deck beams, bulb angles and special section Z-bars are hard to 
get unless ordered In large quantities. Flats thick and under are very 
hard to get. 

Flats under 4" should be ordered by variation in width ; flats 
and universal plates over 4" should be ordered by l" variation in width. 
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Paints and Painting. 

Corrosion of Steel. — If iron or steel is left exposed to the atmos- 
phere it unites with oxygen and water to form rust. Wlrere the metal 
is further exposed to the action of corrosive gases the rate of rusting 
is accelerated, but the action is similar to that of ordinary rusting. Rust 
is a hydrated oxide of iron, and forms a porous coating on the surface 
of the metal that acts as a carrier of oxygen and moisture, thus pro- 
moting the action of corrosion. If nothing is done to prevent or retard 
the corrosion of the iron and steel used in metal structures, the metal 
rapidly rusts away and the structure is short lived. Wrought iron is 
affected by corrosion more tlian cast iron, and steel is affected more 
than wrought iron. 

The corrosion of iron and steel may be prevented or retarded by 
covering it with a coating that is not affected by the corroding agents. 
This is very effectually accomplished by galvanizing; but on account 
of the cost it is impracticable to use the process for coating anything but 
sheet steel and small pieces of structural steel. The most common 
methods of protecting iron and steel are by means of a coating of paint, 
or by imbedding it in concrete. 

PAINT. — The paints in use for protecting structural steel may 
be divided into oil paints, tar paints, asphalt paints, varnishes, lacquers, 
and enamel paints. The last two mentioned are too expensive for 
use on a large scale and will not be considered. 

OIL PAINTS. — An oil paint consists of a drying oil or varnish 
and a pigment, thoroughly mixed together to form a workable mixture. 
“A good paint is one that is readily applied, has good covering powers. 


LiNSiucD Ori, 


331 

adheres well to the metal, and is durable.” The pigment should be 
inert to the metal to which it is applied and also to the oil with which 
it i.s mixed. I, inseed oil is commonly used as the varnish or vehicle 
in oil paints, and is unsurpassed in durability by any other drying oil. 
Pure lin.seed oil will, when applied to a metal surface, form a trans- 
parent coating that offers considerable protection for a time, but is soon 
destroyed by abrasion and the action of the element. To make the 
coaling thicker, harder and more den.se, a pigment is added to the oil. 
An oil jiaint is analogous to concrete, the lin.seed oil and pigment in the 
paint corresponding to the cement and the aggregate in the concrete. 
The ]iignienla used in making oil paints for protecting metal may be 
divided into four groups as follows: (i) lead; (2) zinc; (3) iron; 
(4) carlxm. 

Linseed Oil. — -1/111X00(1 oil is made I)y crushing and pressing flax- 
seed. 'I'lie oil contains some vegetable impurities when made, and 
should bo allowed to stand for two or three months to purify and settle 
before being used. In this form the oil is known as raw linseed oil, 
and is ready for use. Raw linseed oil dries (oxidizes) very slowly and 
for that reason is not often used in a pure state for structural iron jiaint. 
The rate of drying of raw linseed oil increases with age; an old oil be- 
ing very mucli better for imint than that which has been but recently 
extracted. Raw linseed oil can be made to dry more rapidly by the 
addition of a drier or by boiling. Linseed oil dries by oxidation and 
not liy evaiioration, and therefore any material that will make it take 
up oxygen more rajiiclly is a drier. A common method of making a 
drier for linseed oil is to jnit the lin.seed oil in a kettle, heat it to a tem- 
perature of 40Q to 500 degrees I'alir., and stir in about four pounds of 
red lead or litharge, or a mixture of the two, to each gallon of oil. 
Thi.s mixture is then thinned down by adding enough linseed oil to 
make four galloms for each gallon of raw oil first put in the kettle. The 
addition of four gallons of this drier to forty gallons of raw oil will 
reduce the time of drying from about five days to twenty-four hours. 
A drier made in thi.s way costs more than the pure linseed oil, so tliat 
driers are very often made by mixing lead or manganese oxide with 
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rosin and turpentine, benzine, or rosin oil. These driers can be made 
for very much less than the price of good linseed oil, and arc used as 
adulterants ; the more of the drier that is put into the paint, the quicker it 
will dry and the poorer it becomes. Japan drier is often used with raw oil, 
and when this or any other drier is added to raw oil in barrels, the oil 
is said to be "boiled through the bung hole.” 

Boiled linseed oil is made by heating raw oil, to which a quantity 
of red lead, litharge, sugar of lead, etc., has been added, to a temper- 
ature of 400 to 500 degrees Fahr., or by passing a current of heated air 
through the oil. Heating linseed oil to a temperature at which merely 
a few bubbles rise to the surface makes it dry more rapidly than the 
unheated oil ; however, if the boiling is continued for more than a few 
hours the rate of drying is decreased by the boiling. Boiled linseed oil 
is darker in color than raw oil, and is much used for outside paints. It 
should dry in from 12 to 24 hours when spread out in a thin film on 
gkss. Raw oil makes a stronger and better film than boiled oil, but 
it dries so slowly that it is seldom used for outside work without the 
addition of a drier. 

Lead. — White Lead (hydrated carbonate of lead — specific grav- 
ity 6.4) is used for interior and exterior wood work. White lead forms 
an excellent pigment on account of its high adhesion and covering 
power, but it is easily darkened by exposure to corrosive gases and 
rapidly disintegrates under these conditions, requiring frequent re- 
newal. It does not make a good bottom coat for other paints, and if 
it is to be used at all for metal work it should be used over another paint. 

Red Lead (minium; lead tetroxide — specific gravity 8.3) is a 
heavy, red powder approximating in shade to orange; is affected by 
acids, but when used as a paint is very stable in light and under ex- 
posure to the weather. Red lead is seldom adulterated, about the only 
substance used for the purpose being red oxide. Red lead is prepared 
by changing metallic lead into monoxide litharge, and converting this 
product into minium in calcining ovens. Red lead intended for paints 
must be free from metallic lead. One ounce of lampblack added to one 
pound of red lead changes the color to a deep chocolate and increases the 
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time of drying. This compound when mixed in a thick paste will 
keep 30 days without hardening. 

Zinc. — Zinc white (zinc oxide — specific gravity 5.3) is a white 
loose powder, devoid of smell or taste and has a good covering power. 
Zinc paint has a tendency to peel, and when exposed there is a tendency 
to form a zinc soap with the oil which is easily washed off, and it 
therefore does not make a good paint. However, when mixed with red 
oxide of lead in the proportions of i lead to 3 zinc, or 2 lead to i zinc, 
and ground with linseed oil, it makes a very durable paint for metal 
surfaces. This paint dries very slowly, the zinc acting to delay harden- 
ing about the same as lampblack. 

Iron. Oxide. — Iron oxide (specific gravity 5) is composed of 
anhydrous sesquioxide (hematite) and hydrated sesquioxide of iron 
(iron rust). The anhydrous oxide is the characteristic ingredient of 
this pigment and very little of the hydrated oxide should be present. 
Hydrated sesquioxide of iron is simply iron rust, and it probably acts 
as a carrier of oxygen and accelerates corrosion when it is present in 
considerable quantities. Mixed with the iron ore are various other in- 
gredients, such as clay, ocher and earthy materials, which often form 
50 to 75 per cent of the mass. Brown and dark red colors indicate 
the anhydrous oxide and are considered the best. Bright red, bright 
purple and maroon tints are characteristic of hydrated oxide and make 
less durable paints than the darker tints. Care should be used in buying 
iron oxide to see that it is finely ground and is free from clay and ocher. 

Carbon. — The most common forms of carbon in use for paints are 
lampblack and graphite. Lampblack (specific gravity 2.6) is a great 
absorbent of linseed oil and makes an excellent pigment. Graphite 
(blacklead or plumbago — specific gravity 2.4) is a more or less im- 
pure form of carbon, and when pure is not affected by acids. Graphite 
does not absorb nor act chemically on linseed oil, so that the varnish 
simply holds the particles of pigment together in the same manner as 
the cement in a concrete. There are two kinds of graphite in common 
use for paints — the granular and the flake graphite. The Dixon 
Graphite Co., of Jersey City, uses a flake graphite combined with silica,. 
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while the Detroit Graphite Manufacturing Co., uses a mineral ore 
with a large percentage of graphitic carbon in granulated form. On 
account of the small specific gravity of the pigment, carbon and gra- 
phite paints have a very large covering capacity. 'The thickness of the 
coat is, however, correspondingly reduced. Boiled linseed oil should 
always be used with carbon pigments. 

Mixing the Paint. — The pigment should be finely ground and 
should preferably be ground with the oil. The materials should be 
bought from reliable dealers, and should be mixed as wanted. If it is 
not possible to grind the paint, better results will usually be obtained 
from hand mixed paints made of first class materials than from the 
ordinary run of prepared paints that are supposed to have been ground. 
Many ready mixed paints are sold for less than the price of linseed oil, 
which makes it evident that little if any oil has been used in the paint. 
The paint should be thinned with oil, or if necessary a small amount 
of turpentine may be added ; however turpentine is an adulterant and 
should be used sparingly. Benzine, gasoline, etc., should never be used 
in paints, as the paint dries without oxidizing and then rubs off like 
chalk. 

Proportions. — The proper proportions of pigment and oil required 
to make a good paint varies with the different pigments, and the 
methods of preparing the paint; the heavier and the more finely ground 
pigments require less oil than the lighter or coarsely ground while 
ground paints require less oil than ordinary mixed paints. A common 
rule for mixing paints ground in oil is to mix with each gallon of lin- 
seed oil, dry pigment equal to three to four times the specific gravity 
of the pigment, the weight of the pigment being given in pounds. This 
rule gives the following weights of pigment per gallon of linseed oil: 
white lead, ig to 26 lbs. ; red lead, 25 to 33 lbs. ; zinc, 15 to 21 lbs. ; iron 
oxide, 15 to 20 lbs. ; lampblack, 8 to lo lbs. ; graphite, 8 to 10 lbs. The 
weights of pigment used per gallon of oil varies about as follows : red 
lead, 20 to 33 lbs. ; iron oxide, 8 to 25 lbs. ; graphite, 3 to 12 lbs. 

Covering Capacity. — The covering capacity of a paint depends 
upon the uniformity and thickness of the coating ; the thinner the coat- 
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ing the larger the surface covered per unit of paint. To obtain any 
given thickness of paint therefore requires practically the same amount 
of paint whatever its pigment may he. The claims often urged in favor 
of a particular paint that it has a large covering capacity may mean 
nothing but that an excess of oil has been used in its fabrication. An 
idea of the relative amounts of oil and pigment required, and the cov- 
ering capacity of different paints may be obtained from the following 
table. 


Averagf, surface covered per galeon of paint.* 


Paint. 

Volume of 

Lbs. 
of Pig- 
ment. 

Volume and 
Weight 
of Paint. 

Square Feet. 

oil. 

1 

Coat. 

2 

Coats. 

Iron Oxide (powdered) 

1 gal 

8.00 

Gals. Lbs, 
1.2=16.00 

600 

360 

“ “ (ground in oil), . 

1 “ 

24.75 

2.6=32.76 

630 

375 

Ked Lead (powdered).. 

1 “ 

22.40 

1.4=30.40 

630 

375 

White Lead (g’rd in oil). 

1 “ 

25.00 

1.7=33.00 

600 

300 

Graphite (ground in oil). 

1 “ 

12.50 

2.0=20.60 

630 

,360 

Black Asphalt 

1 “(turp.) 
1 “ 

17.25 

4.0—30.00 

515 

310 

Linseed oil (no pigment) 


875 

.... 


Light structural work will average about 250 square feet, and 
heavy structural work about 150 square feet of surface per net ton of 
metal. 

It is the common practice to estimate Yz gallon of paint for the 
first coat and Y gallon for the second coat per ton of structural steel, 
for average conditions. 

Applying the Paint. — The paint should be thoroughly brushed 
out with a round brush to remove all the air. The paint should be 
mixed only as wanted, and should be kept well stirred. When it is 
necessary to apply paint in cold weather, it should be heated to a tem- 
perature of 130 to 150 degrees Fahr.; paint should not be put on in 
freezing weather. Paint should not be applied when the surface is 
damp, or during foggy weather. The first coat should be allowed to 
stand for three or four days, or until thoroughly dry, before applying 


'Pencoyd Handbook, page 293. 
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the second coat. If the second coat is applied before the first coat has 
dried, the drying of the first coat will he very much retarded. 

Cleaning the Surface. — Before applying the paint all scale, rust, 
dirt, grease and dead paint should be removed. The metal may be 
cleaned by pickling in an acid bath, by scraping and brushing with 
wire brushes, or by means of the sand blast. In the process of pickling 
the metal is dipped in an acid bath, which is followed by a bath of milk 
lime, and afterwards the metal is washed clean in hot water. The 
method is expensive and not satisfactory unless extreme care is used 
in removing all traces of the acid. Another objection to the process is 
that it leaves the metal wet and allows rusting to begin before the paint 
can be applied. The most common method of cleaning is by scraping 
with wire brushes and chisels. This method is slow and laborious. The 
method of cleaning by means of a .sand blast has been used to a limited 
extent and promises much for the future. The average cost of cleaning 
five bridges in Columbus, Ohio, in 1902, was 3 cts. per square foot of 
surface cleaned.* The bridges were old and some were badly rusted. 
The painters followed the sand blast and covered the newly cleaned 
surface with paint before the rust had time to form. 

Mr. Lilly estimates the cost of cleaning light bridge work at the 
shop with the sand blast at $1.75 per ton, and the cost of heavy bridge 
work at $1.00 per ton. In order to remove the mill scale it has been 
recommended that rusting be allowed to start before the sand blast is 
used. One of the advantages of the sand blast is that it leaves the sur- 
face perfectly dry, so that the paint can be applied before any rust has 
formed. 

Cost of Paint. — The following costs of paints will give an idea of 
costs and proportions used :** 

Oxide of Iron (Prince’s Metallic Brown). One gallon of paint. 

6)4 lbs. mineral at i cent 6 cts. 

6)4 lbs. raw linseed oil — 5-6 gallon at 56 cents 47 “ 

Cost of materials per gallon of paint 53 cts. 

*Sand Blast Cleaning of Structural Steel, by Gl. W. Lillv, Transactions 
A. Soc. C. E., Feb,, 1903. 

**Walter 6. Berg, Engineering News, Juno 0, 1896. 
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Red Lead (National Paint Co.). One gallon of paint. 

20 lbs. red lead at 5 cents $1.00 

lbs. raw linseed oil — gallon at 56 cents 42 

Cost of materials per gallon of paint <151.42 

Graphite Paint (Dixon’s Graphite). Five pounds of graphite paste 
and I gallon of oil make gallons of paint. 

3)4 lbs. graphite paste at 12 cents 45 cts. 

^ gallon boiled linseed oil at 59 cents 44 “ 

Cost of materials per gallon of paint 89 cts. 

Mr. A. H. Sabin in a paper read before the American Society of 
Civil Hngincers, June, 1895, gives the following as the minimum costs 
of paints: Iron Oxide paint, 6)4 lbs. of oxide worth g }4 cents; 6)4 
lbs. of oil worth 46)4 cents; mixing in a mill, barrels, etc., 5 cents; 
making the actual cost of the paint 60 cents per gallon. The cost of a 
gallon of pure lead paint using 20 lbs. of red lead per gallon and oil 
at 56 cents per gallon will cost not less than $1.50 per gallon. 

Cost of Painting. — The cost of applying the paint depends upon 
the condition of the surface to be painted, and upon other conditions. A 
common rule for ordinary work is that the cost of painting is about 
two to three times the cost of a good quality of paint required for the 
job. The cost of labor may not be more than the cost of the paint, and 
may be four or five times as much. The cost of painting light struc- 
tural work in which considerable climbing has to be done is very dif- 
ficult to estimate. The average coat of painting four bridges in Den- 
ver, Col., with a finishing coat of Goheen’s Carbonizing, in 1899, was 
$1 cents for paint and 80 cents for labor, per ton of metal painted. 

Priming Coat. — Engineers are very much divided as to what 
makes the best priming coat; some specify a first coat of pure linseed 
oil and others a priming coat of paint. Linseed oil makes a transparent 
coating that allows imperfections in the workmanship and rusted spots 
to lie easily seen ; it is not permanent however, and if the metal is ex- 
posed for a long time the oil will often be entirely removed before the 
second coat is applied. It is also claimed that the paint will not adhere 
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of using oil as a priming coat is that the erection marks can be painted 
over with the oil without fear of covering them up. Red lead paint 
: toned down with lampblack is probably used more for a priming coat 

I than any other paint ; the B. & O. R. R., uses lo ozs. of lampblack to 

every 12 lbs, of red lead. 

Without going further into the controversy it would seem that 
■ there is very little choice between linseed oil and a good red lead paint 

for a priming coat. 

Finishing Coat. — From a careful study of the question of paints, 

: it would seem that for ordinary conditions, the quality of the materials 

i and workmanship is of more importance in painting metal structures 

I than the particular pigment used. If the priming coat has been prop- 

; erly applied there is no reason why any good grade of paint composed 

of pure linseed oil and a very finely ground, stable and chemically non- 
injurious pigment will not make a very satisfactory finishing coat. 
Where the paint is to be subjected to the action of corrosive gases or 
blasts, however, there is certainly quite a difference in the results ob- 
tained with the different pigments. The graphite and asphalt paints 
appear to withstand the corroding action of smelter and engine gases 
better than red lead or iron oxide paints ; while red lead is probably 
better under these conditions than iron oxide. Portland cement paint 
is the only paint that will withstand the action of engine blasts, and its 
i use is now entirely in the experimental stage. 

I Conclusion. — It is urged against red lead paint, that the oil and 

I the lead form a lead soap which is unstable ; against iron oxide paint, 

that since the paint contains more or less iron rust it is necessarily a 
promoter of rust ; against graphite paint, that there is not enough body 
in the pigment to make a substantial paint ; etc. There is more or less 
truth in all the accusations made against the different kinds of paint, 
if the paint be bought ready mixed, or if made out of poor materials ; 
however, with a good pigment and pure linseed oil, none of the above 
objections are of weight. 
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than two coats— giving ample time for each coat to dry before applying 
the next. Painting should not be done in rainy weatlier, or when the 
inetal is damp, nor in cold weather unless special precautions are taken 
to warm the paint. The best results will usually be obtained if the 
materials are purchased in bulk from a responsible dealer and the paint 
ground as wanted. Good results are obtained with many of the patent 
or ready mixed paints, but it is not possible in this place to go into a 
discussion of their respective mei'its. 

ASPHALT PAINT. — Many iircparcd paints arc sold under the 
name of asphalt that are mixtures of coal tar, or mineral asphalt alone, 
or combined with a metallic base, or oils. The exact compositions of the 
patent asphalt paints are hard to determine. Black bridge paint made 
hy Edward Smith & Co., New York City, contains asphaltum, linseed 
oil, turpentine and Kauri gum. The jiaint has a varnish-like finish and 
inakes a very satisfactory paint. The black shades of asphalt paint 
are the only ones that should be used. 

COAL-TAR PAINT. — Coal-tar used for painting iron work 
sliould be purified from all constituents of an acid nature ; for this rea- 
son it is preferable to employ coal-tar pitch and convert it into paint 
loy solution in benzine or petroleum. Tar paint should preferably be 
applied while hot. Oil paint will not stick to tar, and when repainting 
a surface that has been painted with tar it is necessary to scrape the 
srirface if a good job is desired. Tar paint does not become hard and 
•wTll run in hot weather ; it is therefore not a desirable paint to use for 
many purposes. 

CEMENT AND CEMENT PAINT. — ^Experiments have shown 
that a thin coating of Portland cement is effective in preventing rust ; 
■frliat a concrete to be effective in preventing rust must be dense and 
made very wet. The steel must be clean when imbedded in the concrete. 
GChere is quite a difference of opinion as to whether the metal should be 
painted before being imbedded or not. It is probably best to paint the 
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metal if it is not to be imbedded at once, or is not to be used in con- 
crete-steel construction where the adhesion of the cement to the metal 
is an essential element. When the metal is to be imbedded immediately 
it is better not to paint it. 

Portland Cement Paint. — A Portland cement paint has Dcen 
used on the High St. viaduct in Columbus, Ohio, with good results. 
The viaduct was exposed to the fumes and blasts from locomotives, so 
that an ordinary paint did not last more than .six months even on the 
least exposed portions. The method of mixing and applying the paint 
is described in Engineering News, April 24th and June 5th, 1902, 
as follows: “The surface of the metal was thoroughly cleaned with 
wire brushes and files — the bridge had been cleaned with a sand blast 
the previous year. A thick coat of Japan drier was then applied and 
before it had time to dry a coating was applied as follows : Apply \Yith 
a trowel to the minimum thickness of 1-16 inch and a maximum thick- 
ness of inch (in extreme cases inch) a mixture of 32 lbs. Portland 
cement, 12 lbs. dry finely ground lead, 4 to 6 lbs. boiled linseed oil, 2 
to 3 lbs. Japan drier.” After a period of about two years the coating 
was in almost perfect condition and the metal under the coating was as 
clean as when painted. The cost of the coating including the hand 
cleaning, materials and labor was 8 cents per square foot. 

While this method of protecting metal is somewhat expensive it 
will certainly pay for itself in many places around smelters and shops. 

References on Paint and Painting. — Eor a more complete dis- 
cussion of the subject of paints the reader should consult the following: 

Iron Corrosion by Louis E. Andes. 

The Painting and Sand Blast Cleaning of Steel Bridges and Via- 
ducts, by George W. Lilly, Engineering News, April 24th, 1902. 

Rustless Coatings of Iron and Steel, by M. P. Wood, Transactions 
American Society of Mechanical Engineers, Vols. 15 and 16. 

Preservation of Iron Structures Exposed to the Weather, by E. 
Gerber, Transactions American Society of Civil Engineers, May, 1895. 

Painting Iron Railway Bridges, by Walter G. Berg, Engineering 
News, June 6, 1895. 

Paints and Varnishes, by A. H. Sabin, Association of Engineering 
Societies, February, 1900. 

Application of Paints, Varnishes, and Enamels for the Protection 
of Iron and Steel Structures and Hydraulic Work — a pamphlet for 
free distribution by Edward Smith & Company, New York. 
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Estimate; oe' Weight and Cost, 

ESTIMATE OF WEIGHT. — The contract drawings for mill 
buildings are tistially general drawings about like those in Eig. 167 and 
Fig. 168, in which the main members and the outline of the building 
are shown, together with enough .sketch details to enable the detailer 
to properly detail the work. In making an estimate of weight from 
general drawings it is nccc.s.sary that the cstlmatcr be familiar with the 
style of the details in u.se at the shop, and with the per cent of the main 
members that it is necessary to add, to ])rovidc for details and get the 
total shipping weight of the structure. There are two methods of al- 
lowing for details : ( i ) to add the proper per cent for details to the weight 
of each main memlicr in the structure, and (2) to add a per cent for 
details to the total weight of the main members in the structure. The 
first method is the safest one to follow, although the second gives good 
results when used by an experienced man. The best way to obtain 
data on the per cents of details of different members in buildings and 
other .structures is to make detailed estimates from the shop drawings. 
By checking these data with the actual shipping weights, the engineer 
will soon have information that will he invaluable to him. Second 
hand data on estimating are of comparatively little value for the rea- 
son that the conditions under which they hold good arc rarely noted, 
and it is better that the novice work out his own data and depend on 
his own resources, at least until he has developed his estimating sense. 
In short the only way to learn to estimate, is to estimate. 

The method of making estimates will be illustrated by making an 
estimate from the working drawings of a steel transformer building, 
the general plans of which arc shown in Figs. 167 and 168. The 


drawing, and the “Details” are those members whose sizes are supplied 
by the detailer. The building is a steel frame building, 6o' o" wide, 8o' 
o” long, 20 ' o" posts, pitch of roof j/i, and is covered with corrugated 






. ' /d‘D* 

Jf/v/-9T4S>/S 








f^rl>ni-C-6t 

\ / 

• x' 








% 





-w^ 


'' 













a* 

a* 


1 



* i 

TI9IS* 

T'rBU* 

7W/3 

' 


(7\ 







/ \ 


? 

§ 




\ / 

1 1 


ft 







Timis" 





!sl 

y 












\ / 

1,1" 

<x 






< ^ 







11 J 


9'C^/Si^. 






Bnacinq in Plane of Bottom Chord Bracing in Rone of Tc5p Chord 

Fig. 167. Cross-section and plan op steel transpormer building. 
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Btccl, The general plans of the framework are shown in Eigs. 167 and 
168, and the plans and details of the corrugated steel are shown in Figs. 
128 and 129. 

The weights of the different sections were obtained from Cam- 
bria Steel. The estimate is self explanatory. 


lii 


tssn^sESSsm 


SIDE ELEVATION 






ii 


iil 


END ELEVATION 

Fig. 168. Side and end elevations op steel transformer building. 
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Section 


Posts ,eoch fhusi- 

X 9“®2I» ■ 35' zj 21 

3t 7.1 

1? 6 X 4 X A O* 12.3 

U> SXjJixJ 9 11.6 

P’1 _ 9 * J X I I 3 1913 

I" HIvar Haaaa parlOO ass 

Total Weight 4 Posts « 637X4 
F^9t3,each thusi- 

I 9 " a 21 " 27 lOi 21 

U Slx31X|| 5| 7.1 

L 0 * 6 * i 9 146 

6 X 4 X I 6J 12 5 

W Ox jUj 9 ,1.6 

P 9xi IS laiS 


Length height Weight paraiismi 
Feet Inches root MeXr|Pe>°"°lairberareiqht 
Drought Forward laesz 


J"Rivat Tlaads panoo 


I [Total Weight 
4 Posts, each ihust- 


POStS = 682X4 


L 6x6 xg 20 aj. I4B 306 

Pa yxi M 393 

P Sxi 84 423 

PI 10 » I 10 21,23 

L S X 34 X a I I e.7 

U! 3*34x4 8 67 

L 3 7.1 

L? ^ 6 X 34 x| 94 ||.6 

r Rivet Heoda per lOO o.os 

^ . I I ■300 

Total Weight 4 Rosts -417x4 *= 

E,nci Rofters .each thusi- 

C 7 «» 9^' 37 e| 973 36S 

Con L? and Pis „ 

363 

Total Weight 4 End Rafters - 444 x 4 
Eovo Struts, each thusi- | 

I a I 9 « 134 I 16 0 I 1323 1060 

I I Total Weight 2 Eave Struts - I060X2 
Bottom Chord Bracing 

H 3x3xj- 16 0 49 706 

’ I» 7’® IS" IS 2 13.0 2270 

i H 6x4xi 3 12.3 

; 13 ,, SXSxJ 5 4.9 

I g River Hoods par 100 99S , 

I I ElSl 


Purlins ’ 

) @ 

I. a 

i B 

5 L» 

! a 

! 1 # 


ToTal Weight Bottom Chord Brocinq c* 

5 0 ei**' 32 7i 63 0535 

if t6 lli 63 |<4S2 

16 7I 63 OSO 
Sx3Xj9 32 71 a.2 160+ 

>' IS til 8.2 262 

" 16 7i 3.2 272 

Total Weight of Purlins » . 


f 
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The weights and per cents of three other buildings, are shown in 
Table XXVI. The estimates for these buildings were made from the 
shop drawings, and were checked with the shipping weights. These 
buildings are of light construction with end post bents, (a) Fig. i. 
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estimate: or cost 


Closaiflcation of Marerlal 

Cost of Material 

Cost of Labor j 


Welqht 

Price 

Amount 

Price 

Amount 

RIvefed Trusses 

14020 

‘^1.60 

*22432 

‘*1-00 

* I4Q20 

Larriceci Columns 

4632 

1.60 

741 1 

1,00 

4632 

T Beam '■ 

6006 

1.69 

9992 

• SO 

30.26 

L " 

1666 

|.60 

2669 

•50 

834 

C Struts 

3696 

I'OO 

62.34 

.26 

9-74 

r Beam Brocinq 

2480 

1*63 

40.92 

.23 

6.20 

L Brocinq 

706 

1-60 

11.30 

.25 

1.77 

C Purlins 

I0S9S 

('60 

169.52 

.15 

15.90 

C Girts 

0090 

1-60 

J034+ 

.15 

14*39 

Rods 

2060 

1-00 

37.08 

1.00 

20.60 

Corruqotad Iron No ££ 

tl 592 

2.60 

301.59 


jj 1# II 24 

7770 

2.70 

209.79 



Ridqa Roll, Louvres, Etc- 

4264 

2-30 

106-60 

1.00 

42.64 

Asbestos Mill Board 

1760 

2.50 

44.00 

Poultry Nettinq 

400 


32.50 



6-d Borbad Roofinq Nalls 

32 

5.00 

96 



'to-d Wire Nolls 

5 

2-30 

.13 



1 iMO Sfove Bolffl -A rCperlOO) B 

36-00 

1-94 



S40 Waahera 

76 

6.00 

4.56 



S40 Cut Washers 

2 

7,00 

.14 



800 Wire Staples 

5 

4^0 

.20 



Copper Rivets "a-i'lonq 

6 

2M0 

l-SO 



1200 CarriacwDolnjij<2i.''(per 100) tiO 

*1-10 

13-20 



109 •' t 

46 

*1.30 

3-00 



tso Wood Serawe i 

to 

* 60 

1.66 



S-t Steel Bulls sl'xsv 

00 

aoo 

4.52 



<»• Mortise Door Lochs 

to 

7900 

5.00 



10 10 ' T Hlngeo 

40 

(2.00 

£.16 



£• 10 " Poof Bolts 

0 

30.00 

1.00 



t • Choin Bolts 

9 

3000 

1.00 



96 Window Weights 

1+40 

2.00 

2860 



SJ» 11 Locks 

16 

(3.00 

5-60 



IX- " Lifts 

10 

laoo 

240 



STS Lin. Ft. Sosh Cord 

so 

10.00 

4.80 



l-e Light Windows vToome 

00 

? 4.00 

S-00 



IS -84 11 '■ |> 

1600 

* 0.00 

9600 



C Doors 

a 00 

*18.00 

50.00 



£ Doors 

200 

*400 

, 8.00 


.. 

Total Well 

ht 87212 

I Cost MatT, 1815.89 

Cost LQbor'336.5fl 1 

SUMMARY 






Coat of Moterial 



^1815.69 



Cost of Shop Lobor 


i 

006.70 



Cost of Details 

Cost of Shop Raintlnq 
Totol Shop Cost 

30 tons 

• 560 

10000 

40.00 





(SSSTt 



freight, Mill teSKop 

30 tons 

9 *9.00 

isaoo 



(Telqht, Shop to Site 

44 »• d*l6.00 

70400 



Erection .Structural 

BOtoflfl 0 ^ 6.00 

, £+000 



It Corrugoted 

/60sqs.Rooflng®fi2S 76.00 

160 M SIdinq e’.73 4 B,oo 



fj Miscelloneous 



BOiOO 






7600 

ft 



1 Total Cojf 


•sirerf 
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TABLE XXVI. 

Weights and per cents op detaies oP miee buiedings. 


steel Mill Buildinqs with Self Supporting prames covered 
on Roof ond Sides with one thickness of Corrugoted Iron. 


Part 

' of 

Structure 

4Q'-0'X'^'0Vi 4‘-O' 
2 Trusses 40-0" 
Pitch 

End Frcjminq 

Z CirculorVenlilator 

40-0X46-0’' X 14*0' 
2 Trusses 40-0” 
Pitchjj: 

End Framing 

SClrcolorVenlilotor 

60’-O“x75-0" X la-o'^ 
4 Trusses OO-d 
Pi+ch 

End Framing 
. [Roof’* 22 

3 Circu lor V/enlilotor 

60-0x80*0‘x20*0" 

4Trus5es 60‘-o" 
Pitch ^ 

End Frarnmq 
- , fPoof ZZ 

Isides+SA 
Monitor Ventilator* 

Weight 

Detatla in 

per Cent 
of Mom 
Members 

Weight 

Oetoils in 
per cent 
of Main 
Members 

Weight 

Oelgils in 
per cent 
of Moin 
Members 

Weight 

Details in 
percent 
of Main 
Members 

lbs 

percent 

Iba. 

percent 

lbs. 

percent 

lbs 

percent 

Trusses 

A- L. Columns 

I Beam . 

L Columns 
End Rafters 
Eove Struts 
LowerChord Bracing 
Rods 

Rjrlins 

Girts 

2848 

1428 

1148 

912 

1036 

900 

930 

900 

2281 

3170 

25 

70 

15 

36 

17 

0 

22 

15 

5 

2 

2848 

1428 

1146 

952 

1076 

1080 

1049 

920 

3516 

3252 

25 

70 

15 

36 

22 

0 

20 

17 

7 

2 

13940 

3476 

4251 

1470 

3314 

3117 

2763 

1737 

6713 

9895 

34.4 

52.5 

33.0 

14.0 

11.6 ■ 
33.2 

9.7 

6.2 

47 

10.0 

14020 

4632 

6056 

1668 

1776 

2120 

3166 

2060 

10595 

9590 

24.6 
46 1 
14.1 
36.3 
200 
0.0 
7.0 
12.0 
0.0 
0.0 

Weight of Frameworh 
Weight per Sq.Ft 

15553 

9.8 

19 

17269 

9.0 

20 

50676 

11.2 

24.0 

55703 

11.7 

13,0 

Corruqotcd Iron 

5880 


6892 


17000 


23626 


Total of Steel 
Weiqht per Sq.Ft 

21433 

13.4 


24161 

126 


67676 

15.1 


79329 

16.5 



Channel eave struts were used in all except the third building in which 
^-angle laced struts were used. A very good idea of the per cent of 
details in the different parts of the structures can be ol^tainecl from 
Table XXVL The details of riveted mill building trusses will commonly 
vary between the limits of 25 and 35 per cent as given in the table; 
being more often near 25 than 35 per cent. The per cents of details in 
trusses is practically independent of the length of span, and is larger for 
light than for heavy work. It should be noted that the details in 
columns is mostly due to the bases and connections — the per cents of 
details will therefore decrease as the length of the column increases. 
The weights of the other parts are so variable that no general rules can 
be given. Where a uniform per cent is added to the total weight of 
main members to provide for details, it is common to add about 30 
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per cent to the weight of the framework exclusive of the purlins and 
gilts where end bent (b) Fig. i, is used. In the estimate given it will 
be seen that the per cent is only 22, the small value being due in part 
to the use of channel eave struts and the end post framing. 

In estimating the weight of corrugated steel add 25 per cent for 
laps where two corrugations side lap and 6 inches end lap are required, 
and 15 per cent where one corrugation side lap and 4 inches end lap are 
required. 

The weights of the sections, rods, bolts, turnbuckles, etc., are ob- 
tained from Cambria Steel, or other handbook. 

The engineer should use every care to check his work in making 
estimates, the material should be checked off the drawings, and the cal- 
culations should be carefully checked and rechecked. Slide rules and 
adding machines are invalualile in this work. No results should, how- 
ever, be allowed to pass until they have been roughly checked by the 
engineer by aliquot parts, or by making a mental estimate of each 
quantity. The engineer can soon develop a sense of estimate, so to 
speak, and will often detect blunders intuitively. Accuracy is of more 
value in estimating than precision. While the method outlined may 
seem somewhat crude at first glance, it is nevertheless true that a pre- 
liminary estimate made by a skilled man will commonly be within i or 2 
per cent of the shipping weight, and if off more than per cent it is 
pretty certain that there was something wrong either with the estimate 
or with the estimater. The estimated weight should be a little heavy 
rather than light, say i to 2 per cent. 

ESTIMATE OF COST. — The cost of the different parts of a 
mill building varies with the local conditions, cost of labor, and cost 
of materials. The discussion of this subject will be divided into (i) 
cost of material, (2) cost of shop work, and (3) cost of erection. The 
cost of transportation must also be included in arriving at the total cost. 
The subject of costs is a very difficult one to handle and the author 
would caution the reader to use the data given on the following pages 
with care, for the reason that costs are always relative and what may 
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be a fair cost in one case may be sadly in error in another case which 
appears an exact parallel. The price of labor will be given in each case, 
or the costs will be based on a charge of 40 cents per hour which in- 
cludes labor, cost of management, tools, etc. 

Cost of Material. — The cost of structural steel can be obtained 
from the current numbers of the Iron Age, Engineering News, etc., or 
may be obtained direct from the manufacturers or dealers. In 1903 
beams, channels, angles, plates, and bars were quoted at about 1.60 h' 
cents per pound f. o. b. Pittsburg. Beams 18, 20 and 24 inches deep 
take o.io cents per pound higher price than the base ijrice for beams. 
The mills at present quote a delivered price only, equal to the mill price 
plus the usual freight charge. This price is often more than the cus- 
tomer could obtain by paying the freight himself, on account of the 
freight rebates that are often allowed. 

Cost of Mill Details. — Mills are allowed a variation in length of 
sections of ^ of an inch ; which means that beams, channels, etc., may 
come 54 of an inch shorter or ^ of an inch longer than the length 
called for. When a less variation than this is required a special price 
is charged for cutting to exact length. The following list of mill ex- 
tras adopted January, 1902, is now in force: 

List of extras to be added to price of peain beams and channees. 


1. For cutting to length with less variation 

than plus or minus ^ inch >iio.l5 

2. Plain punching one size hole in web only . 15 

3. Plain punching one size hole in one or both 

flanges .15 

4. Plain punching one size hole in either web 

and one flange or web and both flanges .25 
'5. Plain punching each additional size hole in 
either web or flange, web and one flange 
or web and both flanges ,25 

6. Plain punching one size hole in flange and 
another size hole in web of the same beam 

or channel ..40 

7. Punching and assembling into girders ... . .35 
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8. Coping, ordinary beveling, including cut- 
ting to exact length, with or without 
punching, including the riveting or bolting 

of standard connection angles .35 

g. For painting or oiling one coat with 

ordinary oil or paint .10 

10. Cambering Beams and Channels and 

other shapes for ships or other purposes . . .25 

11. Bending or other unusual work Shop rates 

12. For fittings, whether . loose or attached, 

such as angle connections, bolts and sepa- 
rators, tie-rods, etc. 1.55 

The above prices are per loo lbs. of steel. 


In ordering material from the mill the following items should be 
borne in mind. Where beams butt at each end against some other 
member, order the beams 34 inch shorter than the figured lengths ; this 
will allow a clearance of 34 ^ch if all beams come 34 of an inch too ! 

long. Where beams are to be built into the wall, order them in full 
lengths making no allowance for clearance. Order small plates in mul- 
tiple lengths. Irregular plates on which there will be considerable 
waste should be ordered cut to templet. Mills will not make reentrant I 

cuts in plates. Allow 34 of an inch for each milling for members that 
have to be faced. Order web plates for girders 34 to 34 inch narrower 
than the distance back to back of angles. Order as nearly as possible 
every thing cut to required length, except where there is liable to be 
changes made, in which case order long lengths. 

It is often possible to reduce the cost of mill details by having the 
mills do only part of the work, the rest being done in the field, or by 
sending out from the shop to be riveted on in the field connection angles 
and other small details that would cause the work to take a very much 
higher price. Standard connections should be used wherever possible, 
and special work should be avoided. 

The classification of iron and steel bars is given in Table XXVII. . 

The full extra charges for sizes other than those taking the base rate ■ 

are seldom enforced; one-half card extras being very common. ! 

I 

i 

I 
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TABEE XXVII. 

Iron Classification. 

AdoDtcdDcc. 3, 1895, byNaUouninnrlron Assoclfttlon, 

Adopted March 10, 1899, ty Eaalern Dar Iron Mnnufncturcra Aaaoclntlon, 

Rounds and Squares. 

Extra. 



A 

A 

t 


UioX A 

H to if tJ' 

Oval 

Extra. 

>itoA - A 

^ to A * A 

1 to — A 

Half Oval and Half Round. 

Extra. 

X 'tA 

^ to A 

to A - tA 

Half ova'a less than '/ their width lu tliickness, extra price, 

Flats. 

Extra. 

jA 

ic. 

I 
I 

... Ease no extra. 

lAtoiM A 

to a A 


Extra, 

I to iji Ease sizes no extra 

atoa« A 

3to3>i A 

3i<t0 4 A 

4/^ to IC. 

4if to 5 lA 

SH to 6 lA 

6‘/i to 6}i 2 ,^ 

to 7X 2 A 

Iron. 

Extra. 

toMx lA 

Ktoff A 

H to A 


Extra, 

if to 44 — A 

i< to H A 

iitoa A 

3J<l0 3 A 


i4to 
H to 
if to 
if to 
H to 
if to 
Kto 
1 to X 
1 to lA X 
X'A to I; 
iM to 4 
xA to 4 
xH to 4 
a to 4 
a to 4 



X aj4 to 3 


A 


4 '4 to 
4if to 
44 to 
4 >f to 

m 

7 to 
64 to 
64 to 
ex to 
s4 to 10 
s4 to 10 
8x to 10 
B4 to 10 


4 to 
to 




64 X 

8 x 
8 X 
8 X 
8 X 
X 
X 
X 
X 


to 
» 'A to 
4 to 
V to 
4 to 
xA to 
ax to 
4 to 
X to 
*A to 
xH to 


a 

a 

^A 

*■ 

iX 

a 


Extra. 

— ❖ 

i 

■ I 

t 

... A 

-*•- 'n 
.... IC. 

I 

... IC. 


Flats A thick Ao. per Hi hialier than X to A thick. 
Bevel edge Shaft Iron Ae. hifrlter than same size of FlnU, 
All round edge Iron Ae. per lb extra. 

Horse Shoe Iron all sizes ic. extra. 

Light Bands. 

Extra, 


! X Nos. 10 , II and la lA 

i X No. 9 to A I A 

( to X X Nos. 10, II and la i A 

r to X X No. 9 to A — 'A 

I to X X Nos, 10 , II and la i A 

r to X'X No. 9 to A — IC. 

t to X X Nos. 10, II and la A 

Eo X X No. 9 to A A 

f to X X Nos. 10, II and la -fy 

f to X X No. 9 to A A 

Eevel Edge Box Iron same as Eight Bands of snine sizes. 
Beaded Band Iron iX inch to 2 inch A extra. 

Sand Band Iron Ac. above same sizes of Eight Bauds, 


Extra. 

1 to I A X Nos. 10 , II and la A 

1 to lA X No, 9 to A A 

lXto 4 x'Nos. 10 , II and la A 

xX to 4 X No. 9 to A — A 

4X loo X Nos. 10 , II and la A 

4X to 6 X Nos. 9 to A A 

bX lo X Nub. io. H and la A 

64 to6X X No. 9 to A - A 

7 lo8 X Nob. I0i II and la IC. 

7 to 8 X No. 9 to A Ai 


Shop Cost. — The shop cost of the various classes of work is a 
variable quantity, depending upon the equipment and capacity of the 
shop, the number of pieces made alike, the familiarity of the shop men 
with the particular class of work, and with the cost of labor. The costs 
given below are the average costs for a shop with a capacity of about 
1000 tons per month that has made a specialty of mill building work. 
The costs given are based on a charge of 40 cents per hour for the 
number of hours actually consumed in getting out the contract. This 
charge is assumed to cover the cost of management, cost of operation 
and maintenance, as well as the cost of labor. The cost of management 
in a small shop is very small, but in a large concern it may amount to 
as much as 35 to 40 per cent of all the other charges combined. Tor 
this reason small structural shops can often fabricate light structural 
steel for a less cost than the large shops. The prices given are about 
an average of those used by the agents of the company above, and have 
been checked against actual costs for the greater part. 

Columns . — In lots of at least six, the shop cost of columns is about 
as follows; Columns made of two channels and two plates, or two 
channels laced cost about 0.80 to 0.70 cents per lb., for columns weigh- 
ing from 600 to 1000 lbs. each; columns made of 4-anglcs laced cost 
from 0.80 to 1. 10 cents per lb.; columns made of two channels and 
one I beam, or three channels cost from 0.65 to 0.90 cents per lb.; 
columns made of single I beams, or single angles cost about 0.50 cents 
per lb. ; and Z-bar columns cost from 0.70 to 0.90 cents per lb. 

Plain cast columns cost from 1.50 to 0.75 cents per lb., for col- 
umns weighing from 500 to 2500 lbs., in lots of at least six. 

Roof Trusses . — In lots of at least six, the shop cost of ordinary 
riveted roof trusses in which the ends of the members are cut off at 
right angles is about as follows: Trusses weighing 1000 lbs. each, 1.15 
to 1.25 cents per lb.; triusscs weighing 1500 lbs. each, 0.90 to i.oo 
cents per lb.; trusses weighing 2500 lbs. each, 0.7s to 0.85 cents per 
lb.; and trusses weighing 3500 to 7500 lbs. 0.60 to 0.75 cents per lb. 
Pin connected trusses cost from 0,10 to 0.20 cents per lb. more than 
riveted trusses. 
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Save Struts . — Ordinary eave struts made of 4-angles laced, whose 
length docs not exceed 20 to 30 feet, cost for shop work from 0.80 to 
1. 00 cents per lb. 

Plate Girders . — The shop work on plate girders for crane girders 
and floors will cost from '0.60 to 1.25 cents per lb., depending upon the 
weight, details and number made at one time. 

Bye-Bars . — The shop cost of eye-bars varies with the size and 
length of the bars and the number made alike. The following costs 
are a fair average: Average shop cost of bars. 3 inches and less in 
width and ^ inches and less in thickness, is from i . 20 to 1.85 cents 
per lb., depending on length and size. A good order of bars running 
from 214" X ji" to 3” 94 "> and from 16 to 30 ft. long, with few 

variations in size, will cost about 1.20 cents per lb. Earge bars in 
long lengths ordered in large quantities can be fabricated at from 
0.55 to 0.75 cents per lb. 

To get tlie total cost of eye-bars the cost of bar steel must be added 
to the shop cost. 

Cost of Drafting. — The cost per ton for making details of mill 
buildings varies with the character of the work and the tonnage that is 
to be fabricated from one detail, so that costs per ton may mean very 
little. The following will give an idea of the range of costs. Details 
for headworks for mines cost from $4.00 to $6.00 per ton; details 
for church and court house roofs having hips and valleys cost from 
$6.00 to $8.00 per ton; details for ordinary mill buildings cost from 
$2.00 to $4.00 per ton. The details for all work fabricated by the 
Gillette-Herzog Mfg. Co., with the exception of plain beams and com- 
plicated tank work, were made in 1896 by contract, by Mr. H. A. Pitch, 
now structural engineer for the Minneapolis Steel and Machhiery Co., 
Minneapolis, for $2.06 per ton. This price netted the contractor a fair 
profit. 

Actual Costs of Detailing . — The details of the building for which 
the estimate is made in this chapter cost $3 . 60 per ton. The details for 
the Basin & Bay State Smelter, Basin, Montana, containing 270 tons of 
steel cost $2.00 per ton. 
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Actual Shop Costs. — The following actual shop costs will give an 
idea of the range of costs: The shop cost of the transformer building 
of which the estimate is made in this chapter was about $20.00 per. ton 
including drafting; the Carbon Tipple building at Carbon, Montana, 
weighing 86 tons, cost $18.60 per ton. The shop cost of the structural 
work of the Kast Helena transformer building, the estimate of which 
is given in the next to the last column in Table XXVI, cost $21.80 per 
ton including details. The shop cost of the Basin & Bay State smelter, 
weighing 270 tons, was $17.20 per ton including details which cost $2.00 
per ton. The shop cost of six gallows frames made by the Gillcttc-Hcr- 
zog Mfg. Co., varied from $21.80 to $41.80 per ton, with an average of 
$32.20 per ton including details. 

Cost of Erection. — With skilled labor at $3.50 and common labor 
at $2.00 per day of 9 hours, small buildings like those given in Table 
XXVI will cost about $10.00 per ton for the erection of the steel frame- 
work, if trusses arc riveted and all other connections arc bolted. The 
cost of laying corrugated steel is about $0.75 per square when laid 
on plank sheathing, $1.25 per square when laid directly on the purlins, 
and .$2.00 per square when laid with anti-condensation roofing. The 
erection of corrugated steel siding costs from $0.75 to $1.00 per square. 
The cost of erecting heavy machine shops, all material riveted and in- 
cluding the cost of painting hut not the cost of the paint, is about $8.50 
to $9.00 per ton. Small buildings in which all connections are bolted 
may be erected for from $5.00 to $6.00 per ton. The cost of erecting 
the East Helena transformer building (next to the last building in Table 
XXVI) was $12.80 per ton including the erection of the corrugated 
steel and transportation of the men. The cost of erecting the Carbon 
Tipple was $8.80 per ton including corrugated steel. The cost of 
erection of the Basin & Bay State Smelter was $8.20 per ton including 
the hoppers and corrugated steel. The cost of erecting 6 gallows frames 
in Montana varied from $11.20 to $15.20 per ton, with an average of 
$13.00 per ton, all connections being riveted. 

COST OF MISCELLANEOUS MATERIAL.— In making an 
estimate for a mill building the engineer needs to be familiar with the 
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costs of building hardware, lumber, etc. Prices of building hardware 
are usually quoted at a certain discount from standard lists. These 
standard lists and the discounts can be obtained from the 
dealers, or the method described in the following paragraph may be 
used. 

The following method of obtaining costs of building hardware 
and other miscellaneous materials, has been found very satisfactory: 
Obtain standard lists from the dealers, or a very complete one entitled 
"The Iron Age Standard Hardware Lists” may be obtained from the 
David Williams Co., New York, for $1.00, postpaid. To find the cur- 
rent discount, consult the current number of the Iron Age, or a simi- 
lar publication — the Iron Age is published by the David Williams Co., 
New York, at $5.00 per year, or 10 cents per single copy, and gives 
each week the current hardware prices and discounts. By applying 
the discount to the prices given in the standard lists the current price 
of the material can be obtained. The standard lists of machine bolts, 
carriage bolts, nails, and turnbuckles are given- for convenience in es- 
timating and to illustrate what is meant by lists. 

To illustrate tlie method just described the current prices (1903) 
will be obtained for a few items: 

2-in. Barbed Roodng Nails . — ^The base price of nails is $2.65 per 
keg of 100 lbs., and from standard nail list (Table XXVIII) we see 
that 2-in. barbed roofing nails take $0.35 per lOO lbs. advance over the 
base price making the price $3.00 per 100 lbs. 

Carnage Bolts . — 2)4" x /4" carriage bolts arc listed (Table 
XXVIII) at $3.00 per 100, from which a discount of 60 and 10% 
is allowed. A discount of 60 and 10% is equivalent to a discount 
of 64%, making the price of the bolts $1.08 per 100. 

Machine Bolts. — 4" x ) 4 " machine bolts are listed (Table XXIX) 
at $4.90 per 100, from which a discount of 65 and 5% is allowed. A 
discount of 65 and 5% is equivalent to a discount of 66)4 %> making 
the price of the bolts $1.36 per 100. The weight of machine bolts and 
nuts is given, from which the price per lb. can be obtained for any size 
of bolt. 
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The following approximate prices of materials will assist in mak- 
ing preliminary estimates: rivets, $2.25 to $3.00 per 100 lbs.; boat 
spikes, $2.25 to $3.00 per 100 lbs.; wa.sliers, cut, $6.00 per 100 lbs.; 
washers, cast, $i . 50 to $2 . 00 per too ll)s. ; sash weights, Jpi . 00 to $1.50 
per 100 Ihs. : pins $3.50 to $4.00 per 100 llis. ; pin nuts, $4.00 per too 
1 I)S. ; wire poultry netting, $0.50 per square ; asbestos felt, 32 IIjs. to the 
square, $2.75 to $3.00 per too lbs.; turnbuckles, 50% discount. Other 
prices and costs will be found in the descriptions of the various articles 
on the preceding pages. 
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PART lY. 

MiscisLtANivous Structures, 

The descriptions of the clilTcrcnt structures given in this part have 
been abstracted from descriptions published in the Engineering News, 
Engineering Record, etc. Eigs. 171 and 172 are from the Railroad 
Gazette ; and I'ig. 1G9 and Eigs. 172 to 181, inclusive, arc reproduced 
from originals kindly loaned by the Engineering News. 

S'ri'tRi, Dome eor the West Baden, Ind., Hoteu.* 

The dome of the new hotel at West Baden, Ind., is remarkable for 
its size. This dome has a steel framework and is larger than any other 
ever built, its span exceeding by about 15 feet that of the Horticultural 
Building of the Chicago E,xposilion of 1893. 

The dome is about 200 feet in outside diameter and ri.scs about 50 
feet above the bed plates. Its fi-ame consists of 24 steel ribs, all con- 
nected at the center or crown to a circular jdatc drum, and tied together 
at the bottom by a circular plate girder tie. Itach rib foots at its out- 
side end on a built up steel shoe, resting on a masonry pier. The rib 
is connected to the shoe by a steel pin, and the outside V)latc girder toe 
is attached to the gusset plate at this point, just above the shoe. The 
shoes of all the girders arc constructed as expansion bearings, being 
provided with Rollers in the u.sual manner. 

TIic dome is therefore virtually an aggregation of two-hinged 
arches with the drum at the center forming their common connection. 
Their thrust at the foot goes into the circular tie-girder, and only ver- 
tical loads (and wind loads) come upon the shoes and the bearing piers. 
At the same time any temperature stresses arc avoided, since the ex- 
pansion rollers under the shoes permit a uniform outward motion of 
the lower ends of all the ribs.' 

The outline of tlic dome and part of the dome framing arc shown 


♦Enginooring Nows, Sopt, 4, 1002, 



Fig. 169. Steel dome for west baden, ind., hotel. 
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in Fig. iCp. TIk; riso is between and ji of the span. The outline 
of llic top chord approximates an elliptical curve, and the bottom chord 
is parallel to the toi) chord throughout its length, except in the three end 
panels on cither side ; the depth of the arch being 10 ft. back to back 
of cliord angles, ihe web members arc arranged as a single system of 
the I'ratt type, with sulistruts to the top chord as purlin supports. In 
the end sections tlie arrangement is necessarily modified, the sharper 
curvature of the chords being allowed for by more frequent strutting. 

J he maximum stres.ses in the different members of the arch are 
given on the right half of the rib in lug. 169, They are obtained by 
properly comhitiing tiie dead load stresses with the stresses due to wind 
blowing succ'ssivcly in opposite directions in the plane of the rib in 
question. 'Iho loads ti-ied in the calcnlalion were a dead load separate' 
ly estimated for each panel point, a variable snow load, heaviest at the 
center of the roof, a wind load of 30 lbs. per sq. ft. on a normal surface 
reduced for inclination of the roof to the vertical. The makeup of the 
inemhers is given on the left half of the rib in Fig. 169. In the plan 
part of tlio dome the method of bracing the ribs is fully shown. Suc- 
cessive ilairs of rili.H are connected by bays of l)racing in both upper 
and lower chords. In tlu; upper chord the I beam purlins arc made use 
of as strut.s, angle struts being used in tlic lower chord. The bracing 
consists througliout of crossed adjustable rods. At the center, these 
rods arc carriecl over to a tangential attachment to the central drum, so 
as to give more rigidity against twisting at tlic center. 

The central drum, 16 ft. in diameter by 10 ft. deep, has a web of 
inch plate, with stiffener angles to which the ribs are attached. At 
top and bottom the. drum carries a flange plate 24 ins. x 3-1G ins. for 
lateral stifft'ners. In addition it is cross braced internally by four 
(liainelrical frames intersecting at the center. The outer tic-girder, 
which takes the thrust of the arch ribs, is a sim])lc channel-shaped plate 
girder, 24 ins. deep, as sliown on the plan. The weight of the dome 
complete, incltuling framework and covering was 475,000 lbs. This 
makes tlie dead load about 15 lbs. per square foot of horizontal projec- 
tion of roof surface. 

Mr. Harrison Albright, of Charleston, W. Va., was the architect of 
the building and the design of the .steel dome was worked out by Mr. 
Oliver J. Wcatcott, while in charge of the estimating department of 
the Illinois Steel Company. The structural steel was furnished by the 
Illinois Steel Co. 
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The St. Louis Coliseum Building is a rectangular brick building 
i86' 2" X 322' 3". The steel framework is made entirely independent of 
the masonry walls and consists of three-hinged arches properly braced. 
The Coliseum has an area of 222 x 112 feet clear of the curb wall. 
Ordinarily there are seats for 7,000 persons on the main floor and the 
galleries, but for convention purposes with seats in the arena the num- 
ber can be increased to 12,000 persons. 

The steel framework consists of a central arched section adjoined at 
each end by a half dome formed by six radial arched trusses. The main 
arches forming the central section have a span 178' 6" c. to c. of shoe 
pins, are spaced 36' 8" apart, and are connected by lateral bracing in 
pairs. The pins at the foot of the arches are 4 7-16" diameter, and at 
the crown the pin is 2 5-16" diameter. The rise of the arches is 80' 0", 
the lower chord points being in the curve of a true ellipse. 

The end radial trusses correspond essentially to the semi-trusses of 
the main arches except for their top connection, where their top chords 
are attached to a semicircular frame supported by the end main trusses 
and designed to receive thrust, but no vertical reaction, as shown in 
Fig. 170. 

The roof covering of asphalt composition is laid on i^-inch boards, 
resting on 2j^ x 16-inch wood joists, 3 feet apart and ceiled underneath. 
These, in turn, are carried by the steel purlins of the structure, which 
are spaced about 16 feet apart. The gallery floor beams are carried on 
stringers of 8-inch channels spaced 3' 8" center to center, carried by 
Orders running between, and supported by the arches. The rear string- 
er is a plate girder ; the front one is a latticed girder, the gallery beams 
running through the latter and cantilevering out 5' 4". The main floor 
beams, supporting the lower tier of seats, consist of 9-inch I beams, 
spaced 3' 8" center to center, which are similarly carried on girders, and 
their lower ends rest on a brick wall. 


♦Engineering News', Aug. 10, 1890, and Engineering Record, 1809. 



Main Arches 

Figure 2 - Cross Section Showing Construction of Main Arches 
Fig. 170. 


The loads, in accordance with which the trusses were figured, are 
as follows: 

Case I. 

Wooden deck and gravel of roof i7-5 per sq. ft, vertically 

Steel ^^’5 

Snow and wind 25.0 
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Add for floors, viz.: 

Main floors, banks and galleries 105.0 “ “ 

Attic floors 60.0 “ “ 


Case II. 


Wooden deck and gravel of roof 

Steel 

Snow 


17.5 lbs. per sq. ft., vertically 

TO r “ “ “ “ “ 

"o « " “ “ 


Total 40.0 “ “ “ “ 

Wind pressure over entire elevation of 

wall and roof of 30.0 lbs. per sq. ft., horizontally 


Loads on Pureins. 


Wooden deck and gravel of roof. 

Steel 

Snow and wind 


17.5 lbs. per sq. ft., vertically 
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25.0 
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Loads on Floor Beams, Girders and Columns oe Main Floors. 

Banks and galleries, beams 140 lbs. per sq. ft. 

Banks and galleries, girders 112 “ “ “ “ 

Banks and galleries, columns 105 “ " “ “ 

Attic floors beams, columns and girders 60 “ “ “ " 

For the main trusses, in addition to the stresses of Case II., there 
was added the stress due to the wind bracing between these trusses. 

For the radial trusses, in addition to loading of Case IL, there 
was assumed an additional load of 50,000 pounds supposed to act up 
or down at the upper point of truss ; this load being what was assumed 
probable in case there was slight unequal settlement of the footings. 

For the half ring connecting the tops of the radial trusses there 
was another case assumed, beside CaSes I. and II. — viz., a tlirust of 
50,000 pounds at any point of the half ring; this being the thrust of a 
radial truss under its full live and Avind load. 

All the material used was of medium steel, excepting the rivets, 
which were made of soft steel. Both material and workmanship con- 
form to manufacturer’s standard specifications. 
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’Tension 16,000 lbs. per sq. in. 

Comprc.ssion, for lengths of yo radii or under 12,000 “ “ “ “ 

Compression, for lengths of over yo radii 17,100 — 57 I -f- r 

Combined stress due to tension or compression 

and transverse loading 16,000 “ “ “ “ 

Shear on web plates 7 , 500 “ “ “ “ 

Shear on pins 11,000 “ “ “ “ 

Shear on rivets 10,000 “ “ “ “ 

Bearing on pins 22,000 “ “ “ “ 

Bearing on rivets ..20,000 “ “ “ “ 

Bending, extreme fibre of pins 25,000 " “ “ “ 

Bending, extreme fibre of beams ; 16,000 “ “ “ “ 

Lateral connections have 25 per cent greater unit strains than the 
above. 

In Case II of trusses!, the above unit strains were increased one- 
third. The main and radial arch trusses are built as shown in Fig. 
170, cxcciit that above the haunches the ribs of the radial arches are 
T-shaped instead of I-shapcd, i. c., they have no inside flanges. The 
purlins are triangular trusses feet deep, made of angles. The brac- 
ing between main arch tru.s.ses terminates at the bottom with heavy 
portal struts of triangular box section. The lateral rods arc not car- 
ried to the ground on account of the obstruction they would make. The 
radial trusses arc couifled together in pairs with lateral rods down to 
the ceiling line. The thrust due to wind is transmitted from them into 
the line of girder.s around the structure at this point, and into the ad- 
joining floor systems. The comprea.sion ribs of the main and radial 
arches arc stayed laterally by angle iron tics, connecting to the first 
l)anel-point in the bottom chord of the purlins. In the planes of the 
first diagonal braces of the trusses above the haunches, diagonal rods 
connect the bottom ribs of the trusses to the upper ribs of the next 
trusses. No struts were used between the bottom chords, as they would 
have been directly in the line of vision from the rear gallery seats to the 
farther end of the arena. The front and rear girders supporting the 
gallery and main floor beams arc tied together with a triangular system 
of angle iron bracing. 

To provide for expansion, the radial purlins and all the girders be- 
tween the arches have slotted hole connections in every alternate bay. 
The diagonal rods between the two lines of ridge purlins were tightly 
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adjusted on a hot day. To prevent secondary strains in the half ring 
to which the radial trusses are connected at their tops, there is i-i6-inch 
clearance in all the pin holes. There is also clearance between the pin 
plates, so that the trusses and the ring can slide a^ little sideways on 
their pins. The lines of the arch trusses were laid out full size and the 
principal points checked by independent measurements in the template 
shop, and the work was accurately assembled. In order to avoid the 
handling of large, heavy pieces before the drill press, the foot of the 
arch, through which the pin hole was bored, was made separately and 
afterward riveted on. 

The total weight of the iron in the entire structure was 1,905,000 
pounds, as follows: Main arches, 64,000 pounds, each; radial arches 
21,000 pounds, each; purlins between main trusses 1,450 pounds, each; 
main floor stringers 810 pounds, each; balcony floor stringers, 280 
pounds, each; cast shoes 3iOOO pounds, each. There were 4,188 days 
labor spent oit the work in the shop and 3,550 days labor during erec- 
tion, the average number of men in the erecting force being about 50. 
The stress diagrams and detail plans of the steel frame were made un- 
der the supervision of Mr. Stern, in the office of the Koken Iron Works, 
who were contractors for the ironwork, and were submitted for approv- 
al to the consulting engineer, Mr. Julius Baier, Assoc. M. Am. Soc. 
C. E. Mr. C. K. Ramsey was the architect of the Coliseum, and Mr. 
L. H. Sullivan was the consulting architect. Mr. A. H. Zeller was 
consulting engineer for the Board of Public Improvements; Mr. J. D. 
McKee, C. E., was shop inspector, and the Hill-O’Meara Construction 
Company was the general contractor. 


Thr Locomotivr Shops op 'tiir Atchison, Toprica and Santa Fe 
R. R., Toprka, Kas.* 


This building is intended for all the loeomotive woi'lc, including 
boilers and tenders. It is of particular note for its great size and the 
peculiar features of Its design. In general plan it is 852 ft. long and 153 
ft. 10 ins. "vvidc, tlic width being divided into a center span of 74 ft, 3 
ins. and two side spans of 39 ft. 9 ins. It is of self-supporting steel 
frame construction, with concrete foundations and floor, 13-in. brick 
walls, and Ludowici tile roof. There is no sheathing under the tiles, 
which thus constitute the sole covering. The tiles arc laid on 2 x 2-in. 
timber strips to which every fourth tile is fastened by copper wire. 

Tlic most striking feature of the design is that the saw tooth or 
weaving shed type of roof is adopted for the .side spans, the glazed 
vortical sides of the ridges facing northward. This feature was intro- 
duced with the view of making the shop as light as pos.siblc. The ar- 
rangement could not well be used where heavy snow.s arc frequently 
experienced, as the snow would pack between the ridges, but there are 
comparatively few heavy snow storms in the vicinity of Topeka. In 
addition to this arrangement, the greater proportion of the area of the 
side walls is composed of windows, while the exposed parts of the 
sides of the central span (between the ridges of the side spans) are 
also glazed. There arc also .several windows in the end walls. The 
roof of the central span has on each side of the ridge a .skylight 12 ft. 
wide, extending the full length of the building. These skylights are 
fitted with translucent fabric instead of glass. By these various means 
an exceptionally good lighting effect and diffusion of light are obtained 
and the shop is in fact remarkably light even on a gloomy day. There 
is no monitor roof, but ventilation is provided for by Star ventilators 
25 ft. apart along the ridge of the main roof. 

The columns are built up of pairs of 15-in. channels, and independ- 
ent columns of similar construction carry the double-web box girder 
runways for the electric traveling cranes which run the entire length 
of tlic central span. Fig. 173 shows the elevations, sections and plans 


*En/!rinoorlnfr Nows, Jan, 8, 1003: and Pailway Gazette, Nov. 7, 1002. 




Fig. 172. Cross-suction locomotive shop. 

of the steel structural framework, and Fig. 174 is a partial elevation on 
the east side. Fig. 175 shows the design of the central roof trusses and 
the lattice girders which form longitudinal bracing between the trusses. 
This longitudinal bracing is not continuous but is fitted only between 


Fig. 171. Locomotive shop. 
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alternate pairs of trusses. End trusses are birilt into the walls, as 
these walls arc pierced by numerous windows and doors and are not 
relied upon in any way to support the roof. Portal bracing is fitted 
between 'the side or wall columns at intervals. No metal less than ^-in. 
thick is used in the structural work. 


Eleval'lon A-&. 



Fio. 174. FTATJ'' KAST RPltVATION OP NRW I.OCOMOTTVR SHOP, 
(showing KIVR’I'ING tower and WEAVING SHED ROOP.) 





shop was built at the i oieao vvorKs oi uic rvuicneau unugc 

steel is painted a light grey, and the brick is whitewashed, a pneumatic 

machine being used for the latter work. 
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Fig. 175. 


The arrangements for lighting the shop by day have already been 
referred to. For night work there will be arc lights for general light- 
ing and incandescent lamps convenient to the tools, etc. The building 
is heated by the Sturtevant hot blast system. On each side are two 
fan rooms, each containing a steam-driven blower fan and a heating 





LocoaioTm Shops, A. T. & S. F. R. R, 


371 

chamber filled with coils of pipe through which passes the exhaust 
steam. Ihc hot air is delivered into two longitudinal underground con- 
duits parallel with the lines of columns, with a duct leading to the stir- 
face at each column. Fach duct is fitted with a vertical sheet iron pipe 
7 ft. high, with a flaring head to deliver the air horizontally. The plant 
is guaranteed to maintain a temperature of 70° F. throughout the shop 
in zero weather. 

The floor foundation is formed of 6 inches of concrete resting on 
the natural soil well tamped. The concrete is composed of i part L,ouis- 
ville cement, 2 parts sand and 4 parts stone. On the concrete are laid 
yellow pine nailing strips, 3" x 4", 18 ins. c. to c., to which is spiked 
the l^f-iji. spllned hard-mai>lc flooring. All tracks in the shop are laid 
with 7 S'll^- rails on tics of New Mexico pine treated by the zinc-chlor- 
ide process, the floor concrete being laid only to the ends of the tics, 
so that adjustment of the track can be made without tearing up the 
floor. At the engine pits (which arc of concrete) the rails arc laid on 
longitudinal timbers. The concrete for column foundations is com- 
posed of I part lola Portland cement, 3 parts sand and 5 parts stone. 
These foundations arc 8 to 15 ft. deep, extending to solid clay. They 
are huilt up with gas pipe .sleeves to form holes for the anchor bolts, 
and the holes in tlic hed i)lates of the columns arc slotted longitudinally 
so as to allow of adjustment for any alight 'variation. The foundations 
for the tools, etc., arc also of Portland cement concrete, and these 
are huilt by the mechanical department to suit its own requirements as 
to arrangement of tools. This arrangement was only arrived at after 
careful study, and of cour.se no changes can be made without expen- 
sive work in cutting out and replacing concrete. One suggestion for the 
floor construction was to use a brick floor with no concrete, so as to 
allow for future changes and putting in new foundations. 




The Locomotive Erecting and Machine Shop^ Philadeephia & 
Reading R. R., Reading, Pa.* 

The combined machine and erecting shop is 204 ft. 4^4 ins. wide 
and 749 ft. 10 ins. long, with provision made for its extension to a 
total length of 1,000 ft. At its present length it has repair pits for 70 
locomotives, and the proposed extension will provide for 30 pits more. 
Fig. 176 shows the general arrangement of the shop in plan, and Fig. 
177 is a transverse section showing the general character of the con- 
struction. 

The building, it will be observed, is divided transversely into three 
bays by means of two rows of intermediate columns running lengthwise 
of the building. These intermediate columns and the side wall columns 
carry the roof trusses and the overhead cranes, and are spaced 20 ft. 
apart longitudinally. The walls of the building are entirely indepen- 
dent of the steelwork. Considering the building transversely it will 
be observed that the two side bays contain the repair pits; one pit be- 



Fig. 176. Part plan, showing pit and column arrangement. 
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tween each pair of columns, 35 pits on each side spaced 20 feet apart 
c. to c. Over each side bay there are two traveling crane tracks, 
one above the other. The top track will be for a crane of 120 tons 
capacity, capable of lifting a locomotive and carrying It the entire 
length of the building at a height great enough to clear the locomotives 
standing on the repair pits beneath. On the lower track there will be 
placed a number of 35-ton cranes for handling parts of locomotives 
and material. The middle bay composes the machine shop, and it is 
also covered by a track for a number of traveling bridge cranes of 10 
tons capacity each. A material track runs lengthwise of the middle bay 
at the center, and for bringing the locomotives into the shop there is a 
track extending transversely through the shop at each end. These 
transverse tracks connect by means of turntables with a yard track 
running parallel with the cast side of the shop. 

Taking up the construction in detail, the steelwork is the first part 
perhaps to demand attention. As already stated, the nature and gen- 
eral arrangement of the steel frame is shown by Figs. 176 and 177. It 
may be divided into two parts for description. The first part comprises 



Fig. 177. Transverse section or framework, 


the main columns and the traveling crane track system which they sup- 
port directly, and the second part comprises the roof framing. Con- 
sidering the construction of the main columns first, it will be seen that 
it had to be devised to withstand an unusually severe combination of 
loads, including not only the dead and wind loads usual to all building 
frames, but also a very heavy concentrated moving load from the trav- 
eling cranes. Careful attention was also required to provide means 
for longitudinal expansion of the columns and crane track girder sys- 
tem and still preserve the utmost stiffness possible in the heavily loaded 
crane tracks. 
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The interior and wall columns were substantially similar in con- 
struction, both being composed of two channel sections made up of 
plates and angles, held together by a double lacing of 2>4 x J^-in. bars. 
Fig. 180 shows the column construction in detail. Each column is 
founded on a concrete pier with a granite capstone. The concrete in 
these piers and for all other foundation work was composed of i part 
Portland cement, 2 parts clean sharp sand and 5 parts stone broken to 
pass a 2-in. ring. In making the concrete the sand and cement will 
first be mixed dry and then wet, and the wet mortar will tlien be mixed 
with the broken stone as it comes moist from washing. The shape of 
the column piers is indicated in Fig. 177, and the columns are fastened 
to them by four anchor bolts for each column. The columns are fin- 
ished by milling machine at both top and bottom, and are capped and 
stiffened at the tops to provide a bearing for the 4-ft. i^-in. plate 
girders carrying the i20-ton crane tracks. 

The track construction for the bridge cranes is shown in detail in 
Figs. 177 and 180. As already stated, the tracks for the 120-ton cranes 
are carried on plate girders resting directly on the tops of the columns, 
and running lengthwise of the building. These track girders are 4 ft. 

ins. deep back to back of flange angles and have spans of 20 ft., 
c. to c. of columns. They are milled square at the ends and the rivets 
of the end angles have flat heads. To allow for expan.'-fon the ends are 
not butted close together, but are separated by a clear space of ^-in., 
by the construction shown in Fig. 180. From the drawing it will be 
seen that each girder span has one fixed and one expansion end, the 
expansion being provided for by the slotted rivet holes in the bearing 
plate and by the space between the ends of the girders. An exactly simi- 
lar expansion end construction is provided for the girders carrying 
the tracks for the 35-ton and lo-ton cranes. These three tracks are on 
the same level and the girders supporting them are carried by Brackets 
on the main columns. This bracket and girder construction is shown 
in Fig. 177. 

The crane tracks proper consist of ordinary railway rails laid di- 
rectly on the special cover plate forming part of the top flange of each 
track girder, to which they are attached by stamped steel clips riveted 
to the cover plate. For the 120-ton cranes the rails weigh 150 lbs. per 
yard, for the 35-ton cranes they weigh 85 lbs. per yard, and for the 10- 
ton cranes they weigh 70 lbs. per yard. The joints are located over the 
expansion joints at each column and are spaced %-in. open, the angle 
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s])liccs for the rtiils being arranged to permit expansion and contrac- 
tion. The rails were rolled to the recommended Am. So. C. E. sections 
for their respective weights. The specifications require that the crane 
track rails must be in perfect alincnient horizontally and vertically and 
that the gage must not vary more than at the maximum. To 

obtain vertical alinement it is specified that not more than Ys-m. thick- 
ness of shims, each the full size of the bearings, shall be placed between 
the column top and the girder. The idea, it will be seen, has been to 
provide for the heavy rolling loads by substantial construction and ac- 
curate workmanship, and to keep the track smooth and rigid by dis- 
tributing the expansion over a number of joints instead of having all 
the allowance made for it at one or two points. 

Turning now to the roof framing, it will be seen from Fig. 177 
that there is a separate roof over each longitudinal bay of the building. 
The roof trusse.s for tlie middle bay rest directly on the tops of the in- 
termediate rows of columns, but those for the two side bays are car- 
ried by special roof columns rising from the main columns, as shown by 
Fig. 180. The trusses in each bay are connected by purlins and lateral 
bracing and carry lantern roofs with glazing. Details of the roof trusses, 
bracing and lantern roof construction arc shown in Fig. 178 so fully 
as to make any further description unncccs.sary. The roof covering and 
the glazing In the lanterns, however, deserve brief special notice. 

The roof covering consists first of a l x 8-in. hemlock sheathing, 
having its upper surface planed. This sheathing is to be covered by 
four thicknesses of roofing felt spread with granulated slag. The con- 
struction is specified to he as follows: Make the outside course next 
the edge of five thicknesses of felt, then lay each succeeding layer at 
least three-fourths of it.s width over the preceding layer, firmly securing 
it in place, and thoroughly mop the .surface underneath each succeeding 
layer as far Iiack as the edge of the next lap with a thin coating of roof- 
ing cement. This cement is in no ca.se to he applied hot enough to in- 
jure the wooly fibre of the felt. At lea.st 70 lbs. of felt must be used 
per ipo sq. ft. of roof. Over the entire surface of the felt laid as clc- 
scrilied there is to be spread a good coating of cement, not less than 10 
gallons (including what i.s' used between the layers of felt) of cement 
bring employed per 100 .sq. ft. of roof. This cement coating is to be 
covered with a coating of .slag, granulated and bolted for the purpose, 
using no slag larger than will pass through a ^-in. mesh and none 
smaller than will be caught by -a 14 -in. mesh. This slag must be free 
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from sand, dust and dirt and must be applied perfectly dry while the 
cement is hot. 

The structural features of the glazing in the windows and lights 
of the monitor roofs are fully shown by the drawing of Figs. 177 and 
178. It will be noted that the sash in the side walls of the monitor roofs 
are hung on pivots at the middle of each side. There is a similar ar- 
rangement of sash in the upper side wall windows of the side roofs 
overlooking the low middle roof, except that the sash in alternate bays 
only are pivoted. These latter sash are to be provided with “Brand’s” 
sash openers, with chains operated from the crane runways and ar- 
ranged to open all the sash of one bay at one time. The feature most 
worthy of note, however, is that the sash in the side walls of the moni- 
tor roofs are to be operated by compressed air power from a central 
point on one of the side walls of the building near the floor. The sash 
will be operated in sections about 75 feet long and the piping and 
valves will be so arranged that any one or all of the sections can be 
operated at one time. 

Next to the framework of the building, the structural features of 
most interest are perhaps the pit and floor construction. This is shown 
in detail by Fig. 180. In constructing the floor the ground inside 
the building will be carefully leveled and well tamped and puddled if 
necessary. The entire area of the main building, except under the pits, 
where cement concrete will be used, and under the railway tracks, where 
stone ballast will be used, will then be covered with a layer of bituminous 
concrete. This concrete will be composed of well screened cinders and 
No. 4 coke oven composition mixed in the proportion of at least one 
gallon of composition for each cubic foot of cinders. This composi- 
tion is to be laid hot and well rammed. Yellow pine floor sleepers, 
6x6 ins. square, will be bedded in the bituminous concrete at intervals 
varying from 4 ft. to 5 ft. transversely of the building. To these string- 
ers there will be spiked an under floor, or lining, of hemlock plank 
planed on both edges and on the upper side. On top of this lining 
there will be laid a flooring of x 4-in. maple boards of a uniform 
and regular width, planed on top and both edges, worked on the back 
to a depth of i-i6-in. and a width of 2^ ins., laid across hemlock floor, 
bored on a slant for nailing and face nailed with I2d. nails, the two 
lines of nails in each board being staggered. The nails will be placed 
in lines on each side of the board and not over 16 ins. apart, and the 
nails in one line will be opposite the middle point between the nails in 
the opposite line. 
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tions for the main cohinins, Fig. i8o, and have a facing of i in. of cem- 
ent. It will be noticed that the bottoms of the pits are crowned trans- 
vcrsel}'’ and have longitudinal side drains of “catch basin” type, run- 
ning into gutters which connect with the tile drain pipe system of the 
building. .1 he pit rails are carried on lo x 12-in, yellow pine side tim- 
bers resting on the concrete pit walls and connected by anchor rods 
extending into the bituminous concrete floor foundation. The railway 
tracks in the building consist of 80-lb. rails spiked to cross-ties laid in 
stone I'jallast. 

Jleforc taking up the exterior construction of the building, a brief 
reference may be made to the method adopted for heating it. By re- 
ferring to Figs. 176 and 177 it will be noticed that an underground duct 
extends along each side of the buildings. This duct will contain all the 
steam, air and other piping entering the building and will also serve as 
a hot-air duct for heating the building. For the latter purpose the duct 
connects with fan houses placed at intervals along the side of the build- 
ing, there being four fan houses on the wc.st side and three on the east 
side. It is expected that the exhaust steam will be ample to heat the 
building. The general principle of the operation of the heating appara- 
tus is to use the air over and over again, depending upon the natural van- 
tilalion to keep it fresh. Structually the ducts arc simple, their bottoms 
and side walls being of concrete with a cement plaster, and the roof be- 
ing expanded metal and concrete supported by transverse roof beams. 
The roof.s of the fan houses will consist of I beams carrying T-iron 
purlins holding book tile, which in turn carry a felt and slag roofing 
similar to that already described for the main building. 

From the structural point of view, the wall construction of the 
main building presents nothing that is particularly notable. These walls 
are of brick masonry resting on a concrete footing and are anchored to 
the wall columns, as shown by Fig. 178, but they are independent struc- 
tures, receiving no support from these columns. The entire wall area 
is pretty well taken up with doors and windows, there being one in each 
panel or between caclj pair of wall columns. This introduces a con- 
siderable amount of arch work, but nothing that is of unusual character. 

To illustrate the simple methods which have been adopted to secure 
a pleasing exterior appearance for the building, the typical details of 
the wall construction arc shown in Fig. 179. 
















The New Steam Engineering Buildings for the Brooklyn 

Navy Yard.* 

The new buildings constructed for the steam engineering depart- 
ment of the Brook'lyn Navy Yard, at New York City, to take the place 
of the buildings destroyed by fire on Ecb. 15, 1899, consist of a ma- 
cliine shop, an erecting shop and a boiler shop, arranged to occupy a 
U-shaped area. The erecting shop is 130 x 252 ft,, the machine shop 
is 130 X 350 ft., and the boiler shop is 96 x 300 ft. 

The general framework details of the machine, and the erecting 
shops arc shown by Eig. 181. The construction of the boiler shop is 
similar, hut the dimensions are, of course, smaller. Referring to the 
drawings of Eig. 181, it will be observed that the buildings are divided 
transversely into three bays, a center bay 70 ft. wide and two 30-ft. side 
bays, The two side bays arc covered by shed roofs, above which rise a 
clerestory and galdc roof to cover the center bay. The side wall columns 
arc i2-in. I beams filled between with a brick wall for a height of about 
4 ft., and above this point covered with glazing to the cornice line. The 
intermediate columns arc of lattice and channel construction, and arc 
43 ft. 6 ins, high, reaching to the level of the junction of the shed roof 
and the clerestory. They carry between them, longitudinally of the 
buildings a double intersection truss 15 ft. deep, and support a boN 
girder crane runway and the roof columns of the clerestory. 

The framework is entirely of steel of from 60,000 lbs. to 70,000 
lbs. ultimate strength, and an clastic limit of one-half the ultimate 
strength. The specifications for woi'kmanship and other essentials 
correspond to ordinary first-class practice in these respects. The no- 
table feature of the building is the extent to which glazing has been 
employed in the. aide walla and roofing, rather than in any novelty in 
tlie framework structure. 

The foundations consist of concrete column pedestals carried on 
piles, the column base plates being anchor-bolted directly to the con- 
crete. The concrete used was mixed according to the Navy Yard 
specifications, which rccpiire that the cement exceed the voids in the 
sand about 25%, and that the dry mixture of cement and sand exceeds 
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the voids in the aggregate about 25%. The piles were driven to a 
final penetration of i in. under a 3,000-lb. hammer falling 15 ft. The 
usual requirements as to soundness of timber and character of cement, 
sand, aggregate and water were enforced. 

The side wall construction for the shed bays, as already stated, 
consists of a brick base wall with glazing above. This glazing is put 
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Fig. 181. Half transverse section showing steel frame details, 

STEAM ENGINEERING BUILDINGS, BROOKLYN NAVY YARD. 


Stjjam Engini^kring Buildings, Brooklyn Navy Yard 3S3 

on in panels or sections ; each is capable of being swung out to provide 
ventilation. 1 ho side walls of tbe clerestory consist of corrugated iron 
covering for the lower part, and glazing above. The bulk of the area 
of the shed roofs is skylight, and wide skylights arc also placed in the 
clerestory roof. Pully 60 per cent of the area of the external walls 
and roof is glazed. 

The large proportion of glazing to the total wall and roof area 
makes the interior of the shops extremely well-Iigbted. The entire 
glazing is on the Paradigm skylight and side light system and was 
carried out by Arthur If. Rendlc, of New Yorlc City, who controls the 
system. 

The entire construction is of incombustible materials. There is no 
wood used in the building, except for tlic body of the doors, and here 
it is covered with tin plate. In this respect, and in respect to the amount 
of glazing u.sed, the buildings are somewhat remarkable, even among 
modern shop buildings. 

Turning now to some of the special details, it will be noticed from 
Fig, i8r that a somewhat unusual construction has been adopted for the 
main columns. Each column consists of two main members, each com- 
posed of two channels riveted back to back, the two main members be- 
ing connected by double latticing. The resulting section is rather re- 
markable for its length, as compared with its width, but its purpose 
was evidently to give ample flexural strength to withstand eccentric load 
of the bridge crane girders. Details of the crane girders and crane 
tracks arc shown l)y Fig. 18 1 ; thpre being one 40- ton crane and two 
in-ton cranes. It will also be observed from Fig. 181 that the lower 
portion of the clerestory roof has a concrete and expanded metal cov- 
ering with roofing slate nailed direct to the concrete. The concrete 
is composed of Portland cement and cinder, and is 3J4 ins. thick. The 
floor construction throughout will be 10 ins. of concrete covered with 
I in. of granolithic or Kosmocrete. In the tool and testing rooms off 
tlic machine shop, and between the boiler and erecting shops, an effort 
has l)ccn made to secure a dust-proof construction, and a roof whicli 
will be free from drippings due to condensed moisture. Over tlicse 
rooms the skylight roofs consist of double-glazed Paradigm skylights, 
with a i-in. air space betwen them. 
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Government BuiLniNc, St. Louis Exposition.* 

The Government Building at the St. Louis Exposition had a steel 
framework with steel arch trusses of the three-hinged type. The span 
of the arches is 172 ft. c. to c. of pins, and their rise from heel pins to 
center pins is 66 ft. gy^ in. The trusses are spaced 35 ft. apart, and 
are connected laterally by six lines of lattice girders, carrying the 
posts of the main roof and monitor roof, and by eight other intermedi- 
ate transverse struts. A horizontal wind strut truss is located as shown 
in Fig. 184. 

The assumed loading was as follows : Dead Load : Roof, 10 lbs. 
per sq. ft. on slope; dome, 12 lbs. per sq. ft. of roof surface; side 
walls of dome and building, 15 lbs. per sq. ft. of surface; trusses, 10 
lbs. per sq. ft. of floor surface. 

Wind Load: Side walls, 20 lbs. per sq. ft.; dome, curved, 15 lbs. 
per sq. ft. of projection on a vertical surface. 

Snow Load ; On roof of main building, 20 lbs. per sq. ft. hori- 
zontal : reduced to 10 lbs. per .sq. ft. on ventilator over center. 

The revised estimate of loads for a 35-ft. bay figured out as fol- 
lows, per sq. ft. of horizontal projection : 

Lbs. par iq. It. 


Weight of steel i3’i 

" " roof 6.6 

" " tin covering o.S 

Actual roof 20.2 

Calculated total 21.5 


'I'hc loading on one truss for the 3S-ft. bay was : 


Actual Weight In lbs. Sgtimatod Weight in lbs 


Total Dead Load 40,500 70,000 

Total Steel 80,000 64,000 

Grand Total 120,500 t34.ooo 


The arches are built up of channels, plates and angles, and have 
4jd-in. shoe pins and 3-in. center pins. The shoe pins of each truss 
arc connected by a tie bar con.sisting of a line of 9-in. I-beams. The 
stresses in the arches arc given in Fig. 183, while the details are shown 
in Fig. 184. 

♦ F.nginccring News. 








Reinforced Concrete Round-i-iouse for the Canadian Pacific 
Railway at Moose Jaw, Canada.* 

The round-house is annular in plan and occupies a half circle, the 
diameter of which is 350' 5". The radial width of the house is 80 
feet, and it has 22 stalls divided into two groups of ii stalls each, by 
a radial fire wall. Each stall subtends an outside wall space of 25'. 



Fig. 185. Cross Section of Reinforced Concrete Round-house. 


The end walls, fire wall and outside wall are of plain concrete, the 
latter being enlarged by buttresses or pilasters between stall spaces 
to carry the outer ends of the radial roof girders, which are further 
supported by an outside wall column, and two intermediate columns. 
The combined roof, wall and column construction is shown in Fig. 185. 

Each radial girder consists of an 18" @ 55 lbs. I-beam encased in 
concrete as shown in Fig. 186, and is supported by an outside wall 
pier and three I-beam columns enclosed in concrete as shown in Fig. 
187. The space between the main roof girders is spanned by rein- 
forced concrete beams, carrying a reinforced roof slab and a suspended 



Section 


Fiai86. Cross Section Showing Construction of Roof Slabs. 


♦Engineering News, February g, 1905. 








RitINFORCKD CONCltUTl? ROUND-HOUS:)^ 3^9 



Column. 

nicital lath and plaster ccilinp as shown in Fig. :86. The main girders 
and the angles which knee-brace them to the columns are like the 
columns, encased in concrete. There is, therefore, no unprotected 
structural metal in the round-house. 

The reinforced concrete I)eams shown in Fig. i8G are of uniform 
depth, hut vary in width and amount of reinforcement with the span 
and are composed of 1-3-5 Portland cement, gravel concrete. 

The beam reinforcement consists of plain rods attached to the 
beams as shown in Jng. 186. The roof slabs arc composed of cement 
and washed cinders, and the ceiling slab consists simply of expanded 
metal wired to the beams and given two coats of cement plaster, the 
first coat containing enough lime to make it work well under the trowel, 
and the second coat being a i cement to i sand mortar. 





/‘iff'atx* t-a'Plonk 

ui%it e-»4' ^ 




K- S'0“- >H 

Part Side Elevation, Crooo Section. 

7tG. 189 , Forms for Reinforced Concrete Roof. 






390 Miscbllaneous Structures 

It should be noted that no joints have been provided in the roof 
to accommodate expansion and contraction. No crai:ks appeared dur- 
ing the first year, and none are expected to appear. 

The roof is reinforced where tlie metal smoke jacks are located, 
as shown in Fig. 185 and Fig. 188. 

The forms used in constructing the roof are shown in Fig. 189. 
The round-house is standard for the Canadian Pacific Railway, and 
cost $3,000 per stall. 


APPENDIX I. 


GENERAL SPECIFICATIONS FOR 

STEEL FRAME MILL BUILDINGS 


Milo S. Ketchum, assoc, m. am. Soc. C, E. 
1903 


GENERAL DESCRIPTION 


1. The height of the building shall be the distance from 
the top of the masonry to the under side of the bottom chord 
ot the truss. 

2. The width and length of the building shall be the 
extreme distance out to out of framing or sheathing, 

3. The length of trusses and girders in calculating 
stresses shall be considered as the distance from center to cen- 
ter of end bearings when supported, and from end to end when 
fastened between columns by connection angles. 

4. The pitch of roof for corrugated steel shall preferably 
be not less than (&' in 12"), and in no case less than 
For a pitch less than yi some other covering than corrugated 
steel shall be used. 

5. Trusses shall be spaced so that simple shapes may 
be used for purlins. The spacing should be about 16 feet for 
spans of, say, 50 feet and about 20 to 22 feet for spans of, say, 
too feet. For longer spans than 100 feet the purlins may be 
trussed and the spacing mav be increased. 


Height ot Bunding. 


DlmonBions of 
Building. 

Length ot Span. 


Pitoli of Root. 


Spacing ol rruumi. 
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Specifications 


Spacing of Purlins. 


Form of Trusses. 


Dracing. 


Proposals. 


Detail Plans. 


Approval of Plans. 


Dead Loads. 


6. Purlins shall be spaced not to exceed 4' 9" where cor- 
rugated steel is used, and shall be placed at panel points of the 
trusses. 

7. The trusses shall preferably be of the Fink type wifli 
panels so subdivided that panel points will come under the 
purlins. If it is not practicable to place the purlins at panel 
points, the upper chords of the trusses shall be designed to take 
both the flexural and direct stresses. Trusses shall preferably 
be riveted trusses. 

8. Bracing in the plane of the lower chord shall be stiff ; 
bracing in the planes of the top chords, the sides and the ends 
may be made adjustable. 

9. Contractors in submitting proposals shall furnish com- 
plete stress sheets, general plans of the proposed structures 
giving sizes of material, and such detail plans as will clearly 
show the dimensions of the parts, modes of construction and 
sectional areas. 

10. The successful contractor shall furnish all work- 
ing drawings required by the engineer free of cost. Working 
drawings will, as far as possible, be made on standard size 
sheets 24" x 36" out to out, 22" x 34" inside the inner border 
lines. 

11. No work shall be commenced or materials ordered 
until the working drawings are approved in writing by the en- 
gineer. The contractor shall be responsible fo r dimensions 
and details on the working plans, and the approval of the de- 
tail plans by the engineer will not relieve the contractor of this 
responsibility. 

Loads. 

12. The trusses shall be designed to carry the following 
loads ; 

13. DEAD LOADS. — Weight of Trusses — The 
weight of trusses per square foot of horizontal projection, Up 
to 150 feet span shall be calculated by the formula 



where W = weight of trusses per square foot of horizontal 
projection ; 
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P = capacity of truss in pounds per square foot of hor- 
izontal projection ; 

L, = span of the truss in feet; 

A = distance between trusses in feet. 

14. Weight of Covering. — The weight of corrugated 
steel shall be taken from Table I. 

TABLE I. 


Weight of flat, and corrugated steel sheets with 
2J^-INCH CORRUGATIONS 


Gage Na 

Thickness 

(n 

inches 

WelqhT 

oer So 

uare ( 100 so-ti.) 

Flat Sheets 

L Corruqafed Sheets 

Bfacir^ 

Galvanized 

Black Ftainted 

Galvanized 

/6 

,06Z3 

zso 

Z66 

Z75 

Z9I 

Id 

.0300 

zoo 

Z/6 

ZZO 

Z36 

zo 

.0373 

130 

J66 

163 

I6Z 

zz 

.0313 

IZ3 

141 

135 

134 

Z4 

.0Z30 

ZOO 

JI6 

UJ 

IZ7 

Z6 

.0188 

73 

9t 

84 

99 

za 

.0/36 

63 

79 

69 

66 


When two corrugations side lap and six inches end lap 
are used add 25 per cent to the above weights ; when one cor- 
rugation side lap and four inches end lap are used add 15 per 
cent to the above weights to obtain weight of corrugated steel 
laid. Eor paint add 2 pounds per square. The weight of cov- 
ering shall be reduced to weight per square foot of horizontal 
projection before combining with weight of trusses. 

15. Slate laid with 3-inch lap shall be taken at a weight 
ot pounds per square foot of inclined roof surface for 3-16" 
slate 6" X 12", and 6^3 pounds per square foot of incliixid roof 
surface for 3-16" slate 12" x 24", and proportionately for other 
sizes. 

16. Terra-cotta tile roofing weighs about 6 pounds per 
square foot for tile i inch thick ; the actual weight of tile and 
other roof coverings not named shall be used. 

17. Sheathing of dry pine lumber shall he assumed to 
weigh 3 pounds per foot and dry oak purlins 4 pounds per 
foot toard measure. 

18. The exact weight of sheathing, purlins, bracing, ven- 
tilators. cranes, etc., shall be calculated. 


Corrugated Steel. 


Slate. 


Tile. 


Blioa thing 
and I’urllnji. 


MlBccllnnooua 

Londa. 
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Specifications 


IQ. SNOW LOADS. — Snow loads shall be taken from 

6dow Loads. . th* 

the diagram in Fig. i. 


Wind Loads. 


Mine Buildings. 


Concentrated 

Loads. 

Purlins. 


Roof Covering. 


Minimum Loads. 


40 

30 

20 

to 

30 33 4 0 4 5 50 






■a 

§ 


I 


Lotitude in Degrees 


Fig. I. Snow load on roofs for different latitudes^ in 
LBS. PER SQUARE foot. 

20. WIND LOADS. — The normal wind pressure on 
trusses shall be computed by Duchemin’s formula, Fig. 2, with 
P = 30 pounds per square foot, except for buildings in ex- 
posed locations, where P = 40 pounds per square foot shall be 
used. 

21. The sides and ends of buildings shall be computed 
for a normal wind load of 20 pounds per square foot of ex- 
posed surface for buildings 30 feet and less to the eaves; 30 
pounds per square foot of exposed surface for buildings 60 feet 
to the eaves, and in proportion for intermediate heights. 

22. Mine, smelter and other buildings exposed to the 
action of corrosive gases shall have their dead loads increased 
25 per cent. 

23. Concentrated loads and crane girders shall be con- 
sidered in determining dead loads. 

24. Purlins shall be designed for a normal load of not less 
than 30 lbs. per square foot. 

25. Roof covering shall be designed for a normal load 
of not less than 30 lbs. per square foot. 

26. No roof shall, however, be designed for an equiva- 
lent load of less than 30 pounds per square foot of ho«-izontal 
projection. 
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Fig. 2. Normai, wind i.oad on roop according 'lo dipperunt 

PORMUDAS. 

Proportion op Parts. 

27. In proportioning the cUlTcreirt parts of the structure 
the maximum strcssc.s clue to the combinations of tlie dead and 
wind load ; dead and snow load ; or dead, minimum snow and 
wind load are to be provided for. Concentrated loads where 
thciy occur must be provided for. 

28. Allowable Unit Tensile Stresses for. Medium Steel. 

Pounds per 
square inch 

Shapes, main members, net section 16,000 

Bars 16,000 

Bottom flanges of rolled beams 16,000 

Shapes, laterals, net section 20,000 

Iron rods for laterals 20,000 

Plate girder webs, shearing on net section. . . . 10,000 


Stresses. 


TonsIIo Stress. 
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Compreaslve 

Stress. 


SpECIFICA-TIONS 

Shapes liable to sadden loading as '»l'en asrf 

for crane girders. •••■/■• ^ ^ 

Expansion rollers per lineal inch. ■ -^oo 

/rhallwSX”- — -sesdae 

*° 'to'!' Allowable Uni. Compressive SMs for Medium steel. 

Eor direct dead, snow and wind loads 

I 

S = 16,000 — 70 — 


Plate Girdots. 

Alternate Stress. 
Uonvblne^ Stress. 


= aUowable unit stress in pounds per sgaare inch; 

, jTga of member in inches c. to c. of end con- 

, - lealltadTos of gyradon of the member in inches, 
30. ^opta„ges of pfate girders shall have the same 

"'tbttotnttrofpSrders shall not ercceed to, 000 

tSs “'connections subject to alternate stresses 

shali be designed to take each 

33. Members subject “f fli followini 

Stresses shall he proportioned according to 

formula ; 


5 =4r + 




/± 


F 

10,^ 


where 


5 h 
P = 
A - 
M - 

yt 

I 

I 


stress per square inch in extreme fibre ; . ; 

: direct load; 

: area of member ; 

: bending moment in inch-pounds ; 

- distance from neutral axis to extreme fibre , 

= moment of inertia of member ; _ 

= length member, or distance from point of zei 
moment to end of member in inches ; 

= modulus of elasticity = 28,000,000. 
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When combined direct and flexural stress flue to wind 
is considered add 25 per cent to the above allowable ten- 
sile and compressive stresses. 

34. Soft steel may be used in mill buildings with unit 
stresses ten per cent less than those allowed for medium steel. 

35. Wliere the stress due to the weight of the member or 
due to an eccentric load exceeds the allowable stre.ss for direct 
loads by more than ton per cent, the section shall be increased 
until the total stress does not exceed the above allowable stress 
for direct loads by more tlian ten per cent. 

The eccentric stre.ss caused by connecting angles by one 
leg when used as ties or struts shall be calculated, or only one 
leg will be considered effective. 

36. Rivets sball be so spaced that the shearing stress shall 
not exceed 11,000 pounds per square inch; nor the pressure on 
the bearing surface (diameter x thickness of piece) of the 
rivet hole exceed 22, two pounds per .square inch. 

Rivets in lateral connections may have stresses 25 per 
cent in excess of tlie above. 

Field rivets shall he spaced for stresses two-thirds those 
allowed for shop rivets, 

Field holt.s, wlicn allowed, shall be spaced for stresses 
two-third.s tliose allowed for field rivets. 

Rivets and bolt.s imust not be used in direct tension. 

37. Fins shall he proportioned so that the shearing .stress 
shall not exceed 11,000 pounds per .square inch; nor tlic pres- 
sure on the hearing .surface (diameter x thicknc.ss of ])iecc) of 
the pin hole exceed 22,000 pounds per square inch ; nor the ex- 
treme fil)rc stress due to cross bending exceed 24,000 pounds 
per square incli when the apiflied forces arc assumed as act- 
ing at the center of the members. 

38. Rolled beams shall be proportioned by their moments 
of inertia. 

39. Plate girders shall be proportioned on the assump- 
tion that the flanges take all the bending moment, and that the 
shear is re.sistcd by the web. 

The distance between centers of gravity of the flange areas 
shall be considered as the effective depth of all girders. 

40. The webs of plate girders shall be stiffened at liear- 
ings and at all points of concentrated loading, and at inter- 


Sott Stool. 

Hli'C'SS duo to 
Weight ol Memhor, 

nivcts. 


rino. 

Ilolled noamt 

I’lftto Olrdors. 

Btlftonora, 


39S 


Specifications 


Timber, 


mediate points, wherever the shearing per square inch exceeds 
the stress allowed by the following formula: 

Allowed shearing stress = 12,500 — go d -i- t 

where d = depth, and t = thickness of web plate. 

41. Compression flanges of plate girders shall be stayed 
transversely when their length is more than thirty times their 
width. 

42. The allowable stresses in timber purlins and other 
timbers shall be taken from Table II. 


TABLE 11 . 

Allowabli; Working Unit Stresses, in Pounds, per Square Inch. 


Kind ot Timber. 

Teuslon. 

Compression. 

1 

Will! 

fffalii. 

2 

arjin. 

With atalD. 

3 

End 

Bear- 

Ins. 

4 

Oelnnina 
Under IS 
Dlima. 

s 

Aareae 

Stain. 

fajtor of Sifetr. 

Tat. 

Tan. 

Five. 

Five. 

Eonr. 

White Oak 

1000 

700 

1200 

1200 

1000 

900 

900 

800 

1000 

H'OO 

800 

000 

000 

800 

000 

700 

200 

CtO 

00 

1400 

1100 

1000 

1000 

OGO 

700 

1000 

1200 

500 

200 

850 

800 


South. Long-leaf or Georgia Yellow Pine 



Northern or Short-leaf Yellow Pino 

(in 

60 

1200 

1200 

1200 

800 

800 

800 

1000 

1000 

800 

800 

800 

800 

2000 

800 

800 

250 

200 

200 









50 

1200 

200 

150 

200 

200 

260 

200 


Cypress 


i200 

1200 



Chestnut 





California Spruoe. 




Triinsvorse. 

Shearing, 

6 

7 

6 

9 

Ejtreme 

HediUna 

With 

Amti 

Fibre 

ot 



Straea. 

EltatlollF. 

Srsln. 

Siila. 

Six. 

Two. 

Four. 

Im 

1000 

B50000 

200 

1000 

700 

600000 

100 

600 

1201 

850000 

150 

1260 

IJOO 

700000 

160 


800 




1000 

000000 

ibb 

ibbb 

800 

000000 



700 

oouooo 





100 


800 

700000 

100 


700 

ooonoo 

100 

760 

000 

•1 1)0000 

100 

000 

800 

450000 



800 

850000 


40) 

guo 

5UOOOO 

150 

400 

7;)0 

;I.)OODO 

100 


8u0 

Oiioonn 




Cornignted Steel. 


The allowable stress, P, in timber columns longer than 15 
diameters shall be obtained by means of the formula 

P — c j£_ J_ 

100 d 

where C = value in column 4 above ; I — length of column and 
d least width of column, both in feet. 

Covering. 

43. Corrugated steel shall generally have 2^4 inch cor- 
rugations when used for roof and sides of buildings, and P/i^ 
inch corrugations when used for lining buildings. The mini- 
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mum gage of corrugated steel shall be No. 22 for roofs, No. 
24 for sides and No. 26 for lining. 

The gage of corrugated .steel in U. S. Standard Gage, and 
weight per square foot shall he shown on the general plan, 

4^p The span, or center to center distance of purlins, shall 
not exceed the distance given in lug. 3 for a safe load of 30 
pounds per square font. Corrugated steel sheets .shall prefer- 



2 3 4 G . 7 

SportjiLj in ft*. 

Fit; 3. SaVR tlNIlfOUM I.OAD IN POtlNIiS I'Ott COURUGATl^D S'l'RKC 
I'OU nit'I'KUKNT SPANS IN I'lCKT. 

45. Corrugated steel shall he laid with two corrugations 
side lap and six inches end laii when used for roofing, and one 
corrugation side la[) and four inches end lap when used for 
siding. 

46. Corrugated .steel sliall l)e fastened to the purlins by 
means of galvanized iron straps •>.'i inche.s wide liy No. iH gage, 
8|)aced H to 12 indie.s a[)art ; Ity clincli nail.s spaced 8 to 12 inches 
apart; or liy nailing directly to spiUing .strijts with Hd harlicd 
nails, spaced H inches apart. .Spiking .strips .shall i)rcferahly 
Ik* u.scd with anti-condensation lining. Ilolhs, nails and rivets 
shall always pass Ihrnugli the top of corrugations. Side laps 
shall lie riveted with copper or galvanized iron rivets 8 to 12 
inches apart on the roof and it-j to 3 feet apart on the sides. 

47. Corrngatecl .steel lining on the .side.s shall he laid 
with one corrugation .side laj) and four inches end lap. Girts 
for corrugated steel lining shall he spaced for a safe load of 
25 pounds per square foot as given in Fig. 3. 


Spnoing PurUnb. 


Kill] nnil Sklo Lnpii. 


Fan toning. 


Oorrugntod Btop) 
Lining. 


Anti-Condstisation 

Lining. 


Flftehing« 


Ridge Roll. 


Corner Finish. 


VentllatorB. 


Specifications 

48. Anti-condensation roof lining shall preferably be used 
to preveiit dripping in engine houses and similar buildings 
and shall be constructed as follows : Galvanized wire poultry 
netting is fastened to one eave purlin and is passed oyer the 
ridge, stretched tight and fastened to the other eave puflin. 
The edges of the wire are woven together, and the netting is 
fastened to the spiking strips, where used, by means of small 
staples. On the netting are laid two layers of asbestos paper 
i-16-inch thick, and two layers of tar paper. The corrugated 
steel is then fastened to the purlins in the usual way. Three- 
sixteenth-inch stove bolts with i" x x 4" plate washers on 
the lower side are used for fastening the side laps together and 
for supporting the lining; or the purlins may be spaced one- 
half the usual distance where anti-condensation lining is used, 
and the stove bolts omitted. 

49. Valleys or corners around stacks shall have flashing 
extending at least 12 inches above where water will stand, and 
shall be riveted or soldered if necessary, to prevent leakage. 

Flashing shall be provided above doors and windows. 

50. All ridges shall have a ridge roll securely fastened to 
the corrugated steel. 

51. All corners shall be covered with standard corner 
finish securely fastened to the corrugated steel. 

52. At the gable ends the corrugated steel on the roof 
shall be securely fastened to a finish angle or channel connected 
to the end of the purlins or, where molded cornices are used, 
to a piece of timber fastened to the ends of the purlins. 

53. Gutters and conductors shall be furnished at least 
equal to the requirements of the following table : 

Span of Roof Gutter Conductor 

Up to 50' 6" 4" every 40' 

so' to 70' 7" S" “ “ . 

70' to 100' 8" 5" “ 

Gutters shall have a slope of at least i" in IS'- Gutters apd 

conductors shall be made of galvanized steel not lighter than 
No. 24. 

54. Ventilators shall be provided and located so as to 
properly ventilate the building, 'fliey shall have a net open- 
ing for each 100 square feet of floor space of not less than one- 
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fotirtli square foot for clean machine shops and similar build- 
itags ; of not less than one square foot for dirty machine shops ; 
of not less than four square feet for mills; and not less than 
six square feet for forge shops, foundries and smelters. 

55. Oiieniugs in ventilators shall he provided with shut- 
ters. sash, or louvres, or may he left open as specified. 

Shutters nuust be provided with a satisfactory device for 
Oldening and closing. 

Louvres must lie designed to prevent the blowing in of 
rain and snow, and must be made stifi; so that no appreciable 
sagging will occur. 'J'hey shall he made of not less than No. 
20 gage galvanized steel for fiat louvres and No. 24 gage gal- 
vanized steel for corrugated louvres. 

56. Circular ventilators when used must he designed so 
as to preveiU down drafts. Net opening only shall be used in 
calculations. 

57. Windows sliall be provided in the exterior walls equal 
to not les.s than 10 per cent of the entire exterior surface in 
mill huiklings, and of not Ic.s.s than 25 per cent in machine 
shops, factories and similar huildings. 

Window glass up to u" x 14" may he single strength, over 
I St" X 14" the glass shall he double strength. Window gla-ss 
shall he A gratia except in smelters, foundries, forge shops, and 
similar structures where it may l)c B grade. The sash and 
frames shall he constriieted of while pine. 

$8. At least half of the lighting shall preferably be by 
means of skyliglits, or sa.sh in the sides of ventilators. 

Skylights .shall he glazed with wire glass, or wire netting 
sliall be stretched beneath the skylights to prevent the broken 
gflass from falling into the hniltling.Whcrc there, is danger oE the 
skylight glass being broken by objects falling on it, a wire 
netting guard shall he provided on the outside. 

Skylight glass shall he carefully set, special care being 
used to lu-evcnt leakage. T.,eakage and condensation on the in- 
ner surface of Uu* glass shall he carried to the down-spouts, or 
outside the building by condensation gutters. 

59. Witulow.s in sides of huildings shall he made with 
counterbalanced sash, and in ventilators shall he made with 
slitling or swing sash. 
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SliuUeta and 
louvrea. 


CIroiilnr Vontllators. 


WIndoWB. 


SkyllghtB. 





402 
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Details. 

Pitch of Rivets. 


Diameter of 
Punch. 


Net Sections. 


Kinirnum Sec* 

tiODS 


Specifications 

6 0. Doors are to be furnished as specified and are to be 
provided with hinges, tracks, locks and bolts. Single doors up 
to 4 feet and double doors up to 8 feet shall preferably be 
swung on hinges; large doors, double and single, shall be ar- 
ranged to slide on overhead tracks, or may be counterbalanced 
to lift up between vertical guides. 

Steel doors sliall be firmly braced and shall be covered 
with No. 24 corrugated steel with i 34 -iiich corrugations. 

The frames of sandwich doors shall be made of two layers 
of y&-\n. matched white pine, placed diagonally, and firmly 
nailed with clinch nails. The frame shall be covered on each 
side with a layer of No. 26 corrugated steel with 134 -inch cor- 
rugations. 

Details of Construction. 

61. All connections and details shall be of sufficient 
strength to develop the full strength of the member, 

62. The pitch of rivets sliall not exceed 6 inches, or six- 
teen tiirtes the thickness of the thinnest outside plate in the line 
of stress, nor forty times the thickness of the thinnest outside 
plate at right angles to the line of stress. The pitch shall never 
be less than three diameters of rivet. At the ends of compression 
members the pitch shall not exceed four diameters of the rivet 
for a length equal to twice the width of the member. 

63. The distance between the edge of any piece and the 
center of a rivet hole must never be less than Ij4 inches, except 
in angles having a 2" leg, where it shall be inches. 

64. The diameter of the punch shall not exceed the 
diameter of the rivet ; nor the diameter of the die exceed the 
diameter of the punch by more than 1-16 inch. 

65. The effective diameter of a driven rivet will be as- 
sumed the same as its diameter before driving. In deducting 
the rivet holes to obtain net sections in tension members, the 
diameter of the rivet-holes will be assumed as Yg inch larger 
than the undriven rivet. 

66. No metal of less thickness than inch shall be 
used except for fillers ; and no angles less than 2" x 2" x 

No upset rod shall be less than 54 inch in diameter. Sag rods 
may be as small as 54 -inch. 
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67. All rods with screw ends except sag rods must be , 

upset at the ends so that the diameter at the base of the 

threads shall be I-16 inch larger than any part of the body of 
the bar. 

68. Upper chords shall have symmetrical cross-sections, Upp<!‘' chords, 
and shall preferably consist of two angles back to back. 

O9. All other compression members except sub-struts comproBaion 
shall be composed of sections symmetrically placed. Sub-struts 
may consist of a single section. 

70. Side posts which take flexure shall preferably be com- column*, 
posed of 4 angles laced, or 4 angles and a plate. Where side 

posts do not take flexure and carry heavy loads they shall pref- 
erably he composed of two channels laced. 

Posts in end framing shall preferably he composed of I 
beams or 4 angles laced. Corner columns shall preferably be 
composed of one angle. 

The cross-liendlng stre.s.s due to eccentric loading in col- Orono Post*, 
umns carrying cranes shall he calculated. 

71. [,aced compression meiuhers shall he stayed at the 
ends by liattcn plales placecl as near the end of the member as 
practicable and having a length not loss than the greatest width 
of the member. Tlic thickness of batten plates must not be 
less than l-,|.o of the distance between rivet lines at right angles 
to axis of member. 

72. Single lattice bars shall have a thickness of not less 
than 1-40, and double, bars connected by a rivet at the intersec- 
tion of not less than 1-60 of the distance between the rivets 
connecting them to the member; they shall make an angle not 
less than 45® with the axis of llic member; their width shall 
be in accordance with the following standards, generally: 

Srat OP MpMfirtu. Width op Lacing Bars. 

For l5-inch channels, or built ^ 

sections with 3j/ji and 4- v 2j4 inches (%-inch rivets), 
inch angles. j 

For 13, 10 and 9-lnch chan- ] 

nela, or built sections with V2j4 inches (J^^-inch rivets)* 

3-inch angles. ) 


I 
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For 8 and 7-inch channels, or 
built sections with 2j4-inch 
angles. 

For 6 and 5-inch channels, or 
built sections with 2-inch 
angles. 



I 


2 inches (^-inch rivets). 
1% inches (J 4 -inch rivets). 



PlD PUtes. 


Uiuclinum Length. 


SpUocs. 


Splices, 

Tension Members. 


Eye-Bars. 


Pina. 


Where laced members are subjected to bending, the size 
of lacing bars or angles shall be calculated or a solid web plate 
shall be used. 

73. All pin holes shall be reenforced by additional mater- 
ial when necessary, so as not to exceed the allowable pressure on 
the pins. These reenforcing plates must contain enough 
rivets to transfer the proportion of pressure which comes upon 
them, and at least one plate on each side shall extend not less 
than 6 inches beyond the edge of the tie plate. 

74. No compression member shall have a length exceed- 
ing 125 times its least radius of gyration for main members, nor 
150 times its least radius of gyration for laterals and sub- 
members. 

75. In compression members joints with abutting faces 
planed shall be placed as near the panel points as possible, and 
must be spliced on all sides with at least two rows of rivets on 
each side of the joint. Joints with abutting faces not planed 
must be fully spliced. 

76. Joints in tension members shall be fully spliced. 

77. Tension members shall preferably be composed of 
angles or shapes capable of taking compression as well as 
tension. Flats riveted at the ends shall not be used. 

78. Main tension members shall preferably be made of 
2 angles, 2 angles and a plate, or 2 channels laced. Secondary 
tension members may be made of a single shape. 

79. Heads of eye-bars shall be so proportioned as to de- 
velop the full strength of the bar. The heads shall be forged 
and not welded. 

80. Pins must be turned true to size and straight, and 
must be driven to place by means of pilot nuts. 

The diameter of pin shall not be less than ^ of the dep^b 
of the widest bar attached to it. 
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The several members attached to a pin shall be packed 
so as to produce the least bending moment on the pin, and 
all vacant spaces must be filled with steel fillers. 

81. lyong laterals may be made of rod.s with clevis or 
sleeve nut adjustment. lient loops shall not be used. 

82. Trusses shall preferably be spaced so as to allow 
the use of single pieces of rolled sections for purlins. Trussed 
purlins shall be avoided if possible. 

83. Purlins and girts shall preferably be composed of 
single sections — channels, angles or Z-bars placed with web at 
right angles to the trusses and posts and legs turned down. 

84. I’urlins and girts shall be attached to the top chord 
of trusses and to columns by means of angle clips with two 
rivets in each leg. 

85. Ihirlins shall he Sfiaced at distances apart not to 
exceed the span as given for a safe load of 30 pounds, and girts 
for a safe load of 25 pounds in I'ig. 3. 

86. Timber purlins shall be attached and .spaced the same 
as steel purlins. 

87. liasc plates shall never l)c less than Yj inch in thick- 
ness, and shall be of sufficitMit thickne.ss and size .so that the 
pressure on the masonry shall not exceed 250 pounds per 
scpiarc inch. 

88. Columns shall he anchored to the foundations by 
means of two anchor holts not less tlian r" in diameter upset, 
placed as wide apart as practicable in the V'lanc of the wind. 
Tlie anclioragc shall be calculated to resist the bending moment 
at the base of the columns. 

89. T,atcral bracing shall be provided in the plane of the 
top and bottom chords, side and ends; knee braces in the 
transverse hent.s ; and away bracing wherever ncce.ssary. Later- 
al bracing shall be designed for an initial stre.ss of 5,000 pounds 
in each member, and provision must be made for putting this 
initial stress into the members in erecting. 

90. Variations in temperature to the extent of 150 degrees 
P. shall be provided for. 


node. 


Spnclns Trusses. 


Purlins nnd <!' » 


Fnstonins. 


Spnclnff. 


TlmI)or Purllnsi 


IJnso Plfttos. 


Anohors, 


Lateral Braulillj 


Tampantnn. 
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Specifications 


Workmanship. 


Riveted Work 
Punching. 


Holes for 
Field Rivets. 


Planing and 
Reaming. 


Rivets. 


Riveters. 


Bolts. 


Neat Finish. 


^Sontact^ Surfaces. 


Workmanship. 

91. All workmanship shall be first-class in every partic- 
ular. Due regard must be had for the neat and attractive ap- 
pearance of the finished structure, and details of an unsightly 
character will not be allowed. 

92. All riveted work shall be punched accurately with 
holes I-16 of an inch larger than the size of the rivet, and 
when the pieces forming one built member are put together, 
the holes must be truly opposite; no drifting to distort the 
metal will be allowed; if the hole must be enlarged to admit 
the rivet, it must be reamed. 

93. All holes for field rivets in splices in tension mem- 
bers shall be accurately drilled to an iron templet or reamed 
while the connecting parts are temporarily put together. 

94. In medium steel over ^ of an inch thick, all sheared 
edges shall be planed, and all holes shall be drilled or reamed to 
a diameter of of an inch larger than the punched holes, so 
as to remove all the sheared surface of the metal. Steel which 
does not satisfy the drifting test must have holes drilled. 

95. The rivet heads must be of approved hemispherical 
shape, and of a uniform size for the same size rivets through- 
out the work. They must be full and neatly finished through- 
out the work and concentric with the rivet hole. 

96. All rivets when driven must completely fill the holes, 
the heads be in full contact with the surface, or countersunk 
when so required. 

97. Rivets shall be machine driven wherever posrible. 
Power riveters shall be direct-acting machines, worked by 
steam, hydraulic pressure, or compressed air. 

98. When members are connected by bolts which trans- 
mit shearing strains, such bolts must have a driving fit. 

99. The several pieces forming one built member must 
fit closely together, and when riveted shall be free from twists, 
bends, or open joints. 

100. All portions of the work exposed to view shall be 
neatly finished. 

101. All surfaces in contact shall be painted before they 
are put together. 
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102. The heads of eye-hars shall be made by upsetting, 
rolling, or forging into shape. Welds in the body of the bar 
will not be allowed. 

103. The bars must be perfectly straight before boring. 

104. The holes shall be in the center of the head and on 
the center line of the bar. 

105. All eye-bars shall be annealed. 

106. All abuUing surfaces in compression members shall 
be truly faced to even licarings, so that they shall be in such 
contact throughout as may lie obtained by such means. 

107. Tin holes sliall be bored truly parallel with one an- 
other and at right angles to the. axis of the member unless 
otherwise shown in drawings ; and in pieces not adjustalile for 
lengtl), no variation of more than 1-G4 of an inch for every 
20 feet will be allowed in the length between centers of pin 
holes. 

108. Bara which are to be placed side by side in the 
structure shall be bored at the same temperature, and shall be 
of such ecpial lengtii liiat, upon l)eing piled on each other, the 
pins sliall pass through the holes at both ends at the same time 
without driving. 

locj. All pins shall be accurately turned to a gage, and 
shall be straight and smooth. 

no. The clearance between pin and pin hole shall be 1-50 
of an inch for pins up to 3 }^ inches in diameter, and 1-32 for 
larger pins. 

in. All pins shall be supplied with steel pilot nuts, for 
use during erection. 

Quality of Material. 

Steee. 

112. All steel must be made by the open hearth process, 
and if by acid process, shall contain not more than 0.08 per 
cent of phos[)horus, and if by basic process, not more than 0.06 
per cent of phosphorus, nor more than 0.05 per cent of sul- 
phur, and must lie uniform in character for each specified kind. 

113. The fmi.shed bars, plates and shapes must be free 
from injurious seams, flaws, or cracks, and have a clean 
smooth finish. 


Forged Work 
Eyo-Bnrs. 


Mncliino Work 
Fooing. 


Pin IIolos. 


Pina. 

Piny In 
I’ln Holes. 

Pilot Nuts. 

Process ot 
Mnnurnoturo. 


Flnlsb. 
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Test Piecel. 

Annealed Teat 
Pieces. 

Markins. 

Physical 
Properties. 

Riret SteeL 

Soft SteeL 


Medluin SteeL 


Full Size Test ot 
Steel Eye-Bars. 




No work shall be done on any steel between the tempera- 
ture of boiling water and of ignition of hard wood saw dust. 

1 14. The tensile strength, limit of elasticity and ductility, 
shall be determined from a standard test-piece, cut from the 
finished material, of at least square inch section. All brok- 
en samples must show a silky fracture of uniform color. 

115. Material which is to be used without annealing or 
further treatment is to be tested in the condition in which it 
comes from the rolls. When material is to be annealed or 
otherwise treated before use, the specimen representing such 
material is to be similarly treated before testing. 

1 1 6. Every finished piece of steel shall be stamped with 
the blow number identifying the melt. 

1 1 7. Steel shall be of three grades: Rivet, Soft and 
Medium. 

1 18. Rivet steel shall have: Ultimate strength, 50,000 
to 58,000 pounds per square inch. Elastic limit, not less than 
one-half the ultimate strength. Elongation, 26 per cent in 8 
inches. Bending test, after or before heating to a light cherry 
red and cooling in water, 180 degrees flat on itself, without 
fracture on outside of bent portion. 

1 19. Soft steel shall have: Ultimate strength, 54,000 
to 62,000 pounds per square inch. Elastic limit, not less than 
one-half the ultimate strength. Elongation, 25 per cent in 8 
inches. Bending test, after or before heating to a light cherry 
red and cooling in water, 180 degrees flat on Itself, without 
fracture on outside of bent portion. 

120. Medium steel shall have : Ultimate strength, 60,000 
to 68,000 pounds per square inch. Elastic limit, not less than 
one-half the ultimate strength. Elongation, 22 per cent in 8 
inches. Bending test, 180 degrees to a diameter equal to 
thickness of piece tested, without fracture on outside of bent, 
portion, 

121. Eull size test of steel eye-bars shall be required to 
show not less than 10 per cent elongation in the body of the 
bar, and tensile strength not more than 5,000 pounds below 
the minimum tensile strength required in specimen tests of the 
grade of steel from which they are rolled. The bars will be 
required to break in the body, but should a bar break in the 
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head, but develop 10 per cent elongation and the ultimate 
strength specified, it shall not be cause for rejection, provided 
not more than one-third of the total number of bars tested 
break in the head ; otherwise the entire lot will be rejected. 

12.2. Tins made of either of the above mentioned grades 
of steel shall, on siiccimen test pieces cut from finished mate- 
rial, fill the requirements of the grade of steel from which they 
are rolled, excepting the elongation, which shall be decreased 
S per cent from that specified. 

123. In steel ^ inch or less in thickness punched rivet 
holes, pitched two diameters from a sheared edge, must stand 
drifting until the diameter is one-third larger than the origindjl 
hole, witliout cracking the metal. 

124. The slabs for rolling plates shall be rolled from 
Ingots of at least twice tlicir cross-section. 

125. I’ins iqi to 7 inches diameter shall be rolled. 

126. A variation in cross-section or weight of rolled 
material of more than 2’^i per cent from that specified, may be 
cause for rejection, except in the case of plates which will be 
covered by the manufacturer’s standard specifications (Cambria 
Steel, page 345). 

Steei, Castings. 

127. Steel casting.s siiall be made of open hearth steel 
containing from 0.25 to 0.40 per cent carbon, and not over 0.08 
per cent of phosphorus nor 0.05 per cent sulphur, and shall 
be practically free from blow holes. 

Cast Iron. 

128. Except wliere chilled iron is specified, all castings 
shall be of tougli, gray iron, free from injurious cold shuts 
or blow holes, true to pattern, and of workmanlike finish. Test 
bars one inch .square, loaded in middle between supports 12 
inches apart, shall bear 2,500 pounds or over, and deflect 0.15 
of an inch before rupture. 

Wrought Iron. 

129. All wrought iron must be tough, ductile, fibrous and 
of uniform quality. Finished bars must be thorouglily welded 


Pin steel. 


Drifting* 

Slabs for Plato& 
Pina, 

Variation In 
Weight. 


Stool Cnetlngs. 


Oaat Iron. 


OharaotoT and 
Finish. 
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ManuJacture. 


Standard Test Piecft 


Elastic Limit. 


Tension. 


Bending Test 


during the rolling, and be straight, smooth and free from in- 
jurious scams, blisters, buckles, cracks or imperfect edges. 

130. No specific process or provision of manufacture will 
be demanded, provided the material fulfills the requirements 
of these specifications. 

131. The tensile strength, limit of elasticity and ductility, 
shall be determined from a standard test piece of as near ^ 
square inch sectional area as possible. The elongation shall 
be measured on an original length of 8 inches. 

132. Iron of all grades shall have an elastic limit of not 
less than 26,000 pounds per square inch. 

133. When tested in specimens of uniform sectional area 
of at least square inch the iron shall show a minimum ulti- 
mate strength of 50,000 pounds per square inch, and a mini- 
mum elongation of 18 per cent in 8 inches. 

134. All iron for tension members must bend cold 
through 90 degrees to a curve whose diameter is not over 
twice the thickness of the piece, without cracking. When 
nicked on one side and bent by a blow from a sledge, the 
fracture must be mostly fibrous. 


Timber. 

135. The timber shall be strictly first-class spruce, white 
pine, Douglas fir. Southern yellow pine, or white oak timber; 
sawed true and out of wind, full size, free from wind shakes, 
large or loose knots, decayed or sapwood, wormholes or other 
defects impairing its strength or durability. 

Painting. 

paintins 136. All iron work before leaving the shop shall be 

thoroughly cleaned from all loose scale and rust, and be given 
one good coating of pure boiled linseed oil or paint as sped- 
fied, well worked into all joints and open spaces. 

137. In riveted work, the surfaces coming in contacl 
shall each be painted before being riveted together. 

138. Pieces and parts which are not accessible for paint- 
ing after erection shall have two coats of paint. 


Sprciucations 


139. The paint shall he a good quality of red lead or 
graphite paint, ground with pure linseed oil, or such paint as 
may be specilled in the contract. 

140. After the structure is erected, the iron work shall 
be thoroughly and evenly painted with two additional coats of 
paint, mixed with pure linseed oil, of such quality and color 
as may !)e selected. Painting sliall he done only when the 
surface of the metal is perfectly dry. No painting shall be 
done in wet or freezing weather unless special jirccautions are 
taken. 

141. Pins, pin holes, screw threads and other finished 
surfaces sliall he coated with white lead and tallow before 
being shipped from the shoii. 

InSI’IvC'L'ION. 

142. All facilities for inspection of material and work- i„8pcotion 
manship shall he furnished by the contractor to competent in- 
spectors, and the engineer and his in.sjiectors shall be allowed 

free access to any part of the works in which any portion of 
the material is made. 

143. The contractor shall furnish, without charge, such 
specimens (prepared) of the several kinds of material to be 
used as may be required to determine their character. 

144,. Pull sized parts of tlie structure may be tested at • 
the ojUion of the purchaser; but, if tested to destruction, such 
material shall be paid for at cost, less its scrap value, if it 
proves satisfactory, 

145. If it does not stand the specified tests, it will be con- 
sidered rejected material, and be solely at the cost of the con- 
tractor. 

Erkction. 

I4,(). The contractor shall furnish at his own expense all too 1». 
necessary tools, staging and material of every description re- 
quired for the erection of the work, and remove the same when 
the work is completed. 

147. The contractor shall assume all risks from storms 
or accidents, unless caused by the negligence of the owner, 
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and all damage to adjoining property and to persons until th( 
work is completed and accepted. 

The contractor shall comply with all ordinances or reg- 
ulations appertaining to the work. ^ 

The erection must be carried forward with diligence and 
must be completed promptly. 


APPENDIX II. 

X Koiii.i'.Mb IN Gkapiiic Statics and tiik Calculation of Stresses. 

Introduction. Tt is impossible for the student to gfain a working 
knowledge of graphic statics and the calculation of stresses without 
solving numerous problems. In order to save the time of the student 
and the instructor the problems must be selected with care, and the 
data iiut in workitig form. The following problems have been given 
by the author, in connection with a course preliminary to bridge analysis, 
and are presented here with the hope that they may prove of value to 
both sludents and inslructfirs. liy slightly changing the quantities and 
dimensions the data for new problems may be easily obtained. 

Inatructions.— (i) Tlate.— The standard plate is to be 9" X ioj 4 ", 
with a 1" border on the left-hand side, and a border on the top, 
bottom, and rigiit-haud .side of the plate. The plate-inside the border is 
to be X (2) Co-ordinates. — Unless stated to the contrary, 

co-ordinates given in the data will refer to the lower left-hand corner 

of border as the origin of co-ordinates. In defining the force, 

150° 

(5.0", 3.0"), the force is 1500 lbs., makes 150° with the X-axis (lies 
in the second tiiiadranl), and passes through a point 5.0" to the right, 
and 3.0" above the lower left-hand corner of border. (3) Data. — 
Conifilcte data shall he placed on eacli problem so that the solution 
will be .self explanatory, (4) Scales, — The scales of forces, and of 
frames or trusses sliall lie given as 1" = ( ) lbs., or ft.; and by a 

graphic scale as well. (5) Name. — The name of the student is be 
placed oul.sidc the border in the lower right-hand corner. (6) Eciua- 
tions.— -All equations shall he given, but details .of the solution may 
be indicated. (7) References. — References are to “ The Design of 
Steel Mill Tluildings,” 

Mate.~~h .siiould be noted that all the problems have been re- 
duced an that all dimensions are one-half the original dimensions given 
in the alatemeiUs of the problems. 
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Problems 


Problem i. Resultant of Concurrent Forces. 

(a) Problem. — Given the following concurrent forces ; 


P. 


1900 


120 


'30° 


1700 


750 

‘240° 


2200 


Forces are given in pounds. Rec|uirecl to find the resultant, R, by 
means of a force diagram. Check by calculating R by the algebraic 
method. Give all equations. Also construct check force polygon. 
Give amount and direction of the resultant. Scale for force polygon, 
i" =400 lbs. 

(b) Methods. — Start Pi at point 4", {x, y, using lower 

left-hand corner of the border as the origin of co-ordinates) and take 
the forces in the order, Pj, P,, P3, P^, Pj. Draw check polygon 
starting at the same point and drawing the forces in the order 
P 21 Pil P 61 Pstl P !• 

(c) Results. — ^The resultant is a force R acting through the point 
of intersection of the given forces, and is parallel to the closing line 
in the force polygon. It will be seen that it is immaterial in what 
order the forces are taken in calculating the resultant, R. In the alge- 
braic solution the summation of the horizontal components of the 
forces, including the resultant, R, are placed equal to zero, and the 
summation of the vertical components of the forces, including the 
resultant, R, are placed equal to zero. Solving these equations we 
have the value of R, and the angle 6 , which R makes with the X-axis. 


Problem la. Resultant of Concurrent Forces. 

(a) Problem. — Given the following concurrent forces : 

„ 1800. p 1000. p ^0. p 750. p 2100 
^^120°’ "30“’ “’315°’ '^240°’ "150°' 

Forces are given in pounds. Required to find the resultant, R, by 
means of a force diagram. Check by calculating R by the algebraic 
method. Give all equations. Also construct check force polygon. 
Give amount and direction of the resultant. Scale for force polygon, 
i" = 400 lbs. 


PROBl^ICMS 


Graphic Statics. 


Problem 1. 






'n'^-s \ 


.00 '&o^ ' ..-''■‘=- /p; 

^ 1 N,\ V-.,_ / 

Scale r'» 40 o" '•^, 

Alqebroic Solution. ChecU Force Polygon 

1900 cos leo"'- 950 cos io*'^ 1700 cos 315“ Polygon 

+ 750003 540®+5eoocos lSO“*Rcosa Results 
leoosin ieo®+950 slnSO^+l/OO sin 3I5* By Sraphics. RMeso** 
+ r50fiine40"+ES005ln \SO°»‘Rslne OMSI'O 

Rcos0»“ieo6 tonO»-l,l3S e»l}l*23' By Alqobra, R’‘\ 82 J* 

rt 

RsinQ»+l360 Ra-j— -Q »\naj e<l5l°23' 
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Proiilkm: 2. Rksultant oi' Non-con c:iiuuknt J-'orckk. 


(a) Problem. — Given the following- noii-concunTiU forces: 

A -1 (7.0". G.3"). (0.5". (;•«". 6.6"). 

150 0 205 


P, (0.8", 8.5"). 

15 

Forces are given in pounds. Find resultant, R, by means of force 
and equilibrium polygons. Check l)y calculating A’ by means of a new 
force polygon and a new e(|uilibrium imlygnn. Also check a.s described 
below. Scale for force polygon, i" 100 lbs. 

(b) Methods.—Slart force fiolygon at (7.0", r.o"), Take pole 
at (3.8", 0.0"). Start c(|uilibrium polygon at (7.0", fi.3"). Take new 
pole at (2.2", 0.0"), and draw new [uilygon .starting at (7.0", 6,3"). 

(c) Results. — ^The rc.sultanl is a force, R, and act.s through the 
intersection of the .strings d, c and d', c', and is [larallel to the closing 
line in force polygon. If corresponding strings in equilibrium polygon 
arc produced to an intersection, the points of intersection, i, a, 3, 4, 5, 
will lie in a straight line which will be parallel to the line 0 O' joining 
the (tolcs of the force polygons. 'I'hi.s relation is due to the reciprocal 
nature of the force and ctpiilihrinm polygons, and may lie proved as 
follows : In the force polygon tlie forpe /’^ may lie resolved into the 
rays c and d, it may likewise he re.solved into the rays c' and t/'. In 
like manner it may be seen that the foree ()- ()' can lie re.solved into the 
d and c/', or into c and c'. Now if the strings d ami d' are drawn 
througli the point 4, and the strings r and c' are drawn, they must in- 
tersect in the point 3, and 4-3 must he parallel to 0 - 0 '. I'or the re- 
sultant of d and d' is ecpial to 0 - 0 ' and must art in a line parallel to 
0 - 0 '] likewise the resultant of r and c' is equal to ()■ ()' and must 
act parallel to 0 - 0 ' \ and in order to have cquilihrinm 3-4 must be 
parallel to 0 - 0 '. 

In like manner it may be proved that l, a, 3. 4, 5, are in a straight 
line parallel to 0 - 0 '. 

From the above it will he .seen tliat In liave equililirimn in a sys* 
tern of non-concurrent forces it is neces.sary llial tlie force polygon and 
its corre.sponding equilibrium polygons must close, or lliat two equi- 
librium polygons must close. 
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^ Pi •^(5,93)P3|^(70.6 
^\p 4 -^(oe,a. 5 )Tofinci R. 


«' 530 ©••I 50 °I 0 ' 

Fo>'ce Polygon 

Eqvjilibi'iurn Fblyqon---- 
ChacK tqoil.Poly<^on — 


1 uonr.i'.M 2a, RKSur/L'ANT oi''' Non-concuhrknt Forces, 

(a) Probleni.*™"Gi vcu the following uou-concurrent forces: 

( 7 .o". 6 . 3 "), P.l^^rio.S".0-3"). ( 7 .o", 6 . 6 "), 

(o. 8 ", 8 .s"). 

Tile rest of the statement is the same as for Prohlom 2. 
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Problem 3. Test of Equilibrium of Forces. 

(a) Problem. — Test the following forces for equilibrium by means 
of force and equilibrium polygons : 

7.8 10.8 12.2 

P, ~ (4.75", 0.0") ; P2— (475", 77 ") : -P3 “T" (o-o", 7 - 0 ") ; 

90 45 o 


F,— ^(475". 6.4") ^’o^^( 27 S", 6.4") ; P„'^^(2.75". 7.7"). 

300 210 150 

The forces are given in tons. Check by using a second pole and 
equilibrium polygon; also draw a line through the intersection of the 
corresponding rays, and check as in Problem 2. Give amount and 
direction of the equilibrant. Scale of forces, i" = 5 tons. 

(b) Methods. — Start force polygon at (0.8", 1.5"). Take first 
pole at (3.2", 2.7"). Start equilibrium polygon at (4.75", q.i")- 
Take second pole at (4.0", 3.2"). Start second equilibrium polygon at 
( 475 ". 8.2"). 

(c) Results. — If the system of forces was in equilibrium the equi- 
librium polygons would close, and the first and last strings f and f, 
and f and f would coincide, respectively. The equilibrant will be 
equal to a couple with a moment represented by the rays f or f multi- 
plied by the distance h or h'. In general in any system of non-current 
forces if the force polygon closes the equilibrant of the system is a 
couple. If the system is in equilibrium the arm of the couple is zero. 
It is evident that in order that any system of non-concurrent forces 
be in equilibrium it is necessary that both the force polygon and an 
equilibrium polygon must close. The check line must be parallel to the 
line 0 - 0 ' joining the poles, and also pass through the intersections of 
corresponding rays as in Problem 2. 

Problem 3a. Test op Equilibrium of Forces. 

(a) Problem. — Test the following forces for equilibrium by means 
of force and equilibrium polygons: 

Px 1 ^- ( 475 ", 0.0") ; P, (4.75". 77 ") 1 (0.0", 7.0") ; 

P4|g(475".6.4"); P» ^1(2.75", 6.4"); P„-^;^ (2.75", 7.7"). 
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pROiir.EM 4. Resolution of Forces. 

(a) Problem. — Given the following forces : 


(1.0", -) ; P, (2.8". -) ; p, AL (6.8", -). 
270 270° 270° 


Forcc.s arc given in ton.s. (i) Find the rc.snltant, R, by means of 
force and ecjiiilibriiiin polygons. {2) Resolve R into two parallel forces 


(3,2'', _) and P" 

270" 



(3) Find the moment, JV/, of 


R about a point Z at (4.0", — ). Cheek by the algebraic method giv- 
ing all equations. .Seale of lorce.s, i" —5 tons. 

(b) Methods. — .Start ftn-ce polygon at (5.7", 0.5"), and take 
pole at (1.7", 3.u"). In the algebraic, niethod take nu)ment.s about the 
left border in finding the point of ajqilication of A’, and take moments 
in the line of action of P” in resolving R into P' and 

(c) Results. — (i) The position of R is at the intersection of 

strings a and cl. (2) Prolong string 0 until it intersects P', take the 
intersection of string d with /’" ; then siring c is the closing line of the 
polygon. (3) The moment of R is found graiihically by multiplying 
the intercept, y, by tlie iiolc distance, //. (4) 'I'o (iiul iiosition of R 

algebraically take moment of P.j, and almut the left border, and 
divide by K, which is the sum of /’a, (5) 'I'lie moment of R 

about Z is equal to R X (4-o — 2.28)", - .36.8 in.-tems. 


Proulkm: 4a. Ricsoi.ution of Forces. 
(a) Problem. — Given the following forces: 






Force.s are given in ton.s. (r) Find the resultant, R, by means of 
force and equilibrium polygons. (2) Re.solve R into twt) parallel forces 

^’270" —) • (3) Tnnd tlie moment, M, of 

R about a point Z at (4.5", — Cheek by the algebraic metliocl giv- 
ing all equations. Seale of forces, i" - 5 tons. 


5cale l'•3Ton^. / 
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Problem 5. Center of Gravity of an Area. 


(a) Problem. — Find the center of gravity of the given figure 
about the X- and F-axes by graphics. Give the co-ordinates of the 
C. G. referred to 0 as the origin. Show all force and equilibrium poly- 
gons. Check by the algebraic method stating all equations. Scale of 
figure, i" — i". Scale of forces, i"=i sq. in. 


(b) Methods. — Start force polygon (b) at point (2.9", 8.8") and 
take pole at (5.6", 5.4")- Start force polygon (c) at (6.9", 0.6"), 
and take pole at (3.25", 2.8"). In the algebraic check take moments 
about the left-hand edge and the lower edge of the figure. 


(c) Results. — ^The center of gravity of the figure will come at 
the intersection of the resultants R and R', which is at the center of 
area. The areas Pj, P.^, and P„, niay be taken as acting at any 
angle, but maximum accuracy is attained when the forces arc assumed 
as acting at right angles. If the figure has an axis of symmetry (an 
axis spell that every point on one side of the axis has a corresponding 
point on the other side at the same distance from the axis) but one force 
and equilibrium polygon is required. 


Problem sa. Center of Gravity of an Area. 

(a) Problem. — Find the center of gravity of a 6" X 4 " X i" 
angle with the long leg vertical and short leg to the right about the 
X- and F-axes by graphics. Give the co-ordinates of the C. G. re- 
ferred to 0 as the origin. Show all force and equilibrium polygons. 
Check by the algebraic method stating all equations. Scale of figure, 
i" = 2". Scale of forces, i" = 2 sq. in. 
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Problem 6. Moment oe Inertia of an Area. 

(a) Problem. Calculate the moment of ineltia, I, of a standard 
9" [@ 13.25 lbs., about an axis through its center at right angles to 
the web: (i) By Culmann’s approximate method; (2) by Mohr’s 
approximate method; (3) by the algebraic method. Omit the fillets. 
Scale of channel, i" = i". Scale of forces, i" = i sq. in. 

(b) Methods. — Divide the channel into convenient sections and 

consider the areas as forces acting through their centers of gravity, (i) 
Culmann’s method (Fig. 22). Start force polygon (a) at (3.5", 9.1"), 
and take pole at (5.45", 4.6"). Draw equilibrium polygon (b). Now 
with intercepts a-h, b-c, c-d, d-e, e-f, f-g, g-h, h- 4 , as forces, and a 
new pole at (4.5", o.l") construct equilibriuni polygon (d). The 
moment of inertia is (approximately) I H X H' X y- (2) Mohr’s 
method (Fig. 23). Calculate the area of the equilibrium polygon (b) 
by means of the planimeter or by dividing it into triangles and (ap- 
proximately) / = area equilibrium polygon (b) X2H. If the area 
is divided into an infinite number of sections, or if the true curve of 
equilibrium be drawn through the points determined, this method gives 
the true value of 7 . (3) Algebraic method. The moment of inertia 

about the center line is 7 = 7 '-|- A -f- 2 7 " where 7 ' = moment of 
inertia of the main rectangle ; A — area of the two flanges ; d = distance 
of the center of gravity of the flanges from the center line ; and 7 " = 
moment of inertia of each flange about an axis through its center of 
gravity parallel to the center line. 

(c) Results. — The algebraic method gives the true value of 7 ; 
Mohr’s method .gives a value more nearly correct than Culmann’s 
method, as would have been expected. The values of 7 given in the 
various hand-books are calculated by the algebraic method. 


Problem 6a. Moment of Inertia of an Area. 

(a) Problem. — Calculate the moment of inertia, 7 , of a standard 
9” [@ 15 lbs., about an axis through its center at right angles to 
the web: (i) By Culmann’s approximate method; (2) by Mohr’s 
approximate method; (3) by the algebraic method. Omit the fillets, 
Scale of channel, 1" == i". Scale of forces, 1" = i sq. in. 
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Problem 7. Construction of an Inertia Ellipse and an Inertia 

Circle. 

(a) Problem. — Given the following data for an angle 7" X 

Xi"; A=g.SO sq. in., /l = 7 . 53 "^ 4 = 45 - 37 "“; ^,^ = 0.89"; = 

2.19"; r„= 0.74"; tan a = o.24i; C. G. (2.71", 0.96"), see Cambria, 
pp. 176, 177. (1) Construct the inertia ellipse. (2) Construct the 

inertia circle. Omit the fillets. Scale of the angle, i" = i". 

(b) Methods, (i) Inertia Ellipse. — Construct angle o, tan a = 

0.241 ; and draw axes 3-3 and 4-4, which are the principal axes of the 
inertia ellipse. Calculate from the relation 4 + 4 = + h, from 

which rj- + j-j- — “t- and =12.25". Construct the enclosing 

rectangle of the ellipse on the axes 3-3 and 4-4, and inscribe an ellipse 
in this rectangle ; this ellipse is the central inertia ellipse. 

Calculate Zj.j from the relation X X + 4I2 X 

X k^. Also calculate and c« from the relation = Ac.ii\=: Ac^r^, 
Compare the calculated values of c-^ and c., with the scaled values on the 
ellipse. Note that Cj and are zero for the principal axes. 

(2) Inertia Circle . — Calculate the product of inertia, Z1.2 = — 9,67. 
From any given point, a, lay off /j = 7.53 to the left extending to b, lay 
off 4 = 45-37 to the right from b, and extending to c. At a erect a 
perpendicular a-d = = — 9 -^ 7 • Then with center 0 , midway 

between a and c, and with a radius 0 -d describe a circle, which will 
be the inertia circle. A line drawn through d and e will be parallel to 
the principal axis 4-4, and the diameter of the inertia circle will be 
the maximum value of I^ — I^. 

(c) Results. — (i) The inertia ellipse drawn is the central ellipse 
of inertia, and is the smallest ellipse that can be drawn. The radii of 
gyration about any axis can be found directly from the inertia ellipse. 
(2) The moments of inertia about any axis can be found directly from 
the circle of inertia. 

Problem 7a. Construction of an Inertia Ellipse and an Inertia 

Circle. 

(a) Problem.— Given the data for an angle 7" X 314 " X H " ; 
see Cambria, pp. 176, 177. (i) Construct the inertia ellipse. (2) 

Construct the inertia circle. Omit the fillets. Scale of the aiig-le 

i"=i". 
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L7''x3V’xr.‘ A = 9.50?" 
I|»7. 53 r, »0. 69. 

Iaa45,37 rj=E.l®, 

•Von 00=0.241. 75 = 0.74. 

Product of Inerfio , Z (-2 . 

Zi-^B A|xh,xk|+Aj)(hi)ikj 
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'Inert io Circle. 


2 |. 2 = AciVi® Ac^fi . 
C,= 0.46" C»»\.14!! 


Scale of Angle 
Natural Size. 
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Problem 8. Stresses in a Roof Truss by Graphic and Algebraic 

Resolution. 

(a) Problem. — Given a Fink truss, span 4o'-o", pitch 30° ; trusses 
spaced i2'-o": load 40 lbs. per sq. ft. of horizontal projection. Calcu- 
late the reactions by means of force and equilibriuni polygons. Cal- 
culate the stresses by graphic resolution, and check by algebraic resolu- 
tion. Scale of truss, 1" = 8'-o". Scale of loads, i' = 6000 lbs. 

(b) Methods.— Start force polygon at (6.25", 5.6"). Lay off 
the loads in the order P^, P^, P\, from the top downward. Construct 
a force polygon, and draw an equilibrium polygon as in Fig. 14, and 
calculate the reactions and R, by means of the closing line as in 
Fig. 13. Construct stress diagram beginning at Lo and analyzing the 
joints in the order, L^, U^, L^, U^, etc., checking at L\. Arrows acting 
toward joints in the truss and toward the ends of the lines in the 
stress diagram indicate compression, while arrows acting away from 
the joints and ends of lines respectively, indicate tension. Use one 
arrow in the stress diagram the first time a force is used, and two 
arrows the second time. In algebraic resolution the sum of the hori- 
zontal components at any joint are placed equal to zero, and the sum 
of the vertical components are placed equal to zero, and the solution 
of these two sets of equations gives the required stresses. 

(c) Results. — ^Thc top chord is in compression, while the bottom 
chord is in tension. In the Fink truss it will be seen that the long web 
members are in tension, while the short web members are in com- 
pression. This makes the truss a very economical one. 


Problem 8a. Stresses in a Roof Truss by Graphic and Algebraic 

Resolution. 

(a) Problem. — Given a Fink truss, span 4o'-o", pitch Yz ; trusses 
spaced i4'-o"; load 40 lbs. per sq. ft. of horizontal projection. Calcu- 
late the reactions by means of force and equilibrium polygons. Cal- 
culate the stresses by graphic resolution, and check by algebraic resolu- 
tion. Scale of truss, i" — 8'-o". Scale of loads, i" = 5000 lbs. 
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Problem 9. Dead Load Stresses in a Triangular Truss by 
Graphic Resolution. 

(a) Problem.— Given a triangular truss, span 6o'-o"; pitch ; 
camber of the bottom chord 3'-o" ; trusses spaced 14-0" ; load 40 lbs. 
per sq. ft. of horizontal projection. Calculate the reactions by means 
of force and equilibrium polygons. Calculate the stresses by graphic 
resolution. Scale of truss, i" = lo'-o". Scale of loads, i" = 5000 lbs. 

(b) Methods.— Start the truss at (0.75", 7.0"). Start the stress 
diagram at (6,75", 6.25"). Calculate the stresses beginning at R^, 
as described in Fig. 27, using care to analyze each joint before pro- 
ceeding to the next. Check at R^. 

(c) Results. — The upper chord is in compression while the lower 
chord is in tension. The vertical web members are in compression while 
the inclined web members are in tension for dead loads. As a check 
the points 2, 4, 6, should be in a straight line. The partial loads coming 
on the reactions (not shown) are not considered as they have no effect 
on the stresses in the truss. This truss is a triangular Pratt and is 
quite economical, but is somewhat more expensive in material and 
labor than the Fink truss. This type of truss is much used for com- 
bination trusses, in w'hich the tension members are made of iron or 
steel, while the compression members are made of timber. The dead 
joint load will be equal to the horizontal projection of the area sup- 
ported by a panel point, multiplied by the dead load per square foot, 
is equal to 14 X 7i X 40 = 4200 lbs. 


Problem 9a. Dead Load Stresses in a Triangular Truss by 
Graphic Resolution. 

(a) Problem. — Given a triangular truss, span 6o'-o" ; pitch ; 
camber of the bottom chord 2'-o"; trusses spaced i6'-o"; load 40 lbs. 
per sq. ft. of horizontal projection. Calculate the reactions by means 
of force and equilibrium polygons. Calculate the stresses by graphic 
resolution. Scale of truss, i" = lo'-o". Scale of loads, i" = 5000 lbs. 




43 




432 


Problems 


Problem io. Wind Load Stresses in a Triangular Truss — No 
Rollers — by Graphic Resolution. 

(a) Problem. — Given a triangular truss, span 6o'-o", pitch 
camber of lower chord 3-0", trusses spaced i4'-o", wind load normal 
component of a horizontal wind load of 30 lbs. per sq. ft., no rollers. 
Calculate the reactions by means of force and equilibrium polygons, 
Calculate the stresses by graphic resolution. Take P as 3300 lbs. Scale 
of truss, i"==io'-o". Scale of loads, i" = 30oo lbs. 

(b) Methods. — Start stress diagram at (4.65", 6.6"). The reac- 
tions will be parallel to each other and to the resultant of the external 
loads. The equilibrium polygon may be started at any convenient 
point in one reaction, closing up on the other one. The closing line 
of the equilibrium polygon will always have its end in the reactions. 
The calculation of stresses is begun at R^, and is checked up at R^. 

(c) Results. — The stresses are of the same kind in the chords 
as for dead loads as given in Problem 9, while the webs on the leeward 
side are not stressed. The load P^ has no effect on the stresses in the 
truss. Calculate the vertical component of the wind load by means of 
Duchemin’s formula (5), as plotted in Fig. 6 (page 15). The normal 
wind joint load will be equal to 14 X 9 X 26 — 3276, which is taken 
as 3300 lbs. For a discussion on the different conditions of the ends 
of trusses, see Chapter VII. 


Problem loa. Wind Load Stresses in a Triangular Truss — No 
Rollers — by Graphic Resolution. 

(a) Problem. — Given a triangular truss, span 6o'-o", pitch 
camber of lower chord 2'-o", trusses spaced i6'-o", wind load normal 
component of a horizontal wind load of 30 lbs. per sq. ft., no rollers. 
Calculate the reactions by means of force and equilibrium polygons. 
Calculate the stresses by graphic resolution. Take P as 3800 lbs. 
Scale of truss, i" = lo'-o". Scale of loads, i" — 3000 lbs. 
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Problem ii. Dead Load Stresses in a Fink T'russ by Graphic 

Resolution. 

(a) Problem. — Given a Fink truss, span 6o'-o", pitch camber 
of lower truss 3'-o", trusses spaced i4'-o", load 40 lbs. per sq. ft. of 
horizontal projection. Calculate the reactions by means of force and 
equilibrium polygons. Calculate the stresses by graphic resolution. 
Scale of truss, i" = lo'-o". Scale of loads, 1" — 5000 lbs. 

(b) Methods. — Start the truss at (0.75", 7.0"). Start the stress 
diagram at (6.75", 6.25"). Calculate the stresses as described in 
Figs. 30 and 34, replacing the members 4-5 and 5-6, temporarily by the 
dotted member shown. The stress diagram is then carried through 
to the point 7, and then the stresses in members 5-6 and 4-5 are easily 
obtained. Carry the stress diagram through and check at Rj. 

(c) Results. — The upper chord is in compression and the lower 
chord is in tension, the stresses being practically the same as in the 
triangular truss in Problem 9. In the webs it will be seen that the 
long members are in tension, while the short members are in com- 
pression. The loads coming on the reaction are not considered, as they 
have no effect on the stresses in the truss, as can be seen by comparing 
with the truss in Fig. 30. As a check the points i, 2, 5, 6, in the 
stress diagram should be in a straight line. The dead joint load will be’ 
equal to the horizontal projection of the area supported by a panel 
point, multiplied by the dead load per square foot, is equal to 14 X7/4 
X 40 = 4200 lbs. 


Problem i la. Dead Load Stresses in a Fink Truss by Graphic 

Resolution. 

(a) Problem. — Given a Fink truss, span 6o'-o", pitch yi , camber 
of lower truss a'-o", trusses spaced i6'-o", load 40 lbs. per sq. ft. of 
horizontal projection. Calculate the reactions by means of force and 
equilibrium polygons. Calculate the stresses by graphic resolution. 
Scale of truss, i"=io'-o". Scale of loads, l" = 5000 lbs. 
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Problem 12. Wind Load Stresses in a Fink Truss — ^Rollers Lee- 
ward — BY Graphic Resolution. 

(a) Problem. — Given the same truss as in Problem ii. Wind 
load to be the normal component of a horizontal wind load of 30 lbs. per 
sq. ft. The truss is assumed to have frictionless rollers under the lee- 
ward side. Calculate the reactions by means of force and equilibrium 
polygons. Calculate the stresses by graphic resolution. Scale of truss, 
i"= lo'-o". Scale of loads, i" = 3000 lbs. 

(b) Methods. — Start stress diagram at (4.75", 6.55"). The 
reaction will be vertical, while the direction of will be 
unknown. Use the method of calculating the reactions described on 
page 51, and in Fig. 33; noting that the vertical components of the 
reactions are independent of the conditions of the ends of the truss. 
In calculating tlie stresses the ambiguity of stresses at point 3-4-7-4-y 
is removed by substituting the dotted member shown, for members 
4-5 and 5-6. The calculation of the stresses is begun at i?i, and is 
checked up at R^. 

(c) Results. — The load Fj has no effect on the stresses in the 
truss. The stresses in the members are of the same kind as for dead 
loads as given in Problem ii, except that there are no stresses in the 
web members on the leeward side. 

Problem 12a. Wind Load Stresses in a Fink Truss — ^Rollers 
Leeward — by Graphic Resolution. 

(a) Problem. — Given the same truss as in Problem ila. Wind 
load to be the normal component of a horizontal wind load of 30 lbs. 
per sq. ft. The truss is assumed to have frictionless rollers under the 
leeward side. Calculate the reactions by means of force and equili- 
brium polygons. Calculate the stresses by graphic resolution. Scale 
of truss, i" = lo'-o". Scale of loads, i" = 3000 lbs. 
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Problem 13. Wind Load Stresses in a Fink Truss — Rollers on 
THE Windward Side — ^by Graphic Resolution. 

(a) Problem. — Given the same truss and wind load as in Prob- 
lem 12, and with rollers under the windward side. Calculate the reac- 
tions by means of force and equilibrium polygons. Calculate the 
stresses by graphic resolution. Scale of truss, i" = lo'-o". Scale of 
loads, i" = 3000 lbs. 

(b) Methods. — Start stress diagram at (4.6", 6.7"). Reaction 
will be vertical, while the direction of will be unknown, the only 

known point in its line of action being at the right end of the truss. 
Use the method for finding the reactions described on page 52 and in 
Fig. 34. In this solution the equilibrium polygon is started at the 
right reaction, the only known point in Rj, and the polygon is drawn. 
The intersection of J?^ in the force polygon, and a line through O, 
parallel to the closing line is at F, and 's then determined in magni- 
tude and direction. The stress diagram is carried through and checked 
at Rj. 

(c) Results. — ^The load Rj must be considered as it produces 
stresses in the truss. If R^ coincides with the top chord there will 
be no stresses in the other members of the truss on the leeward side; 
if line of action of passes outside and above the truss the lower 
chord will be in tension ; while if the line of action is below the upper 
chord the lower chord will be in compression. These statements may 
be checked by taking moments about the upper peak of the truss. It 
will be seen in Problems ii, 12, and 13 that there will be no reversal 
of stress when the dead load and wind load stresses are combined. 
This is commonly true for simple Fink trusses resting on walls; but 
is not true for Fink trusses supported on columns, nor is it always 
true for Fink trusses simply supported. 

Problem 13a. Wind Load Stresses in a Fink Truss — Rollers on 
THE Windward Side — by Graphic Resolution. 

(a) Problem. — Given the same truss and wind load as in Prob- 
lem 12a, and with rollers under the windward side. Calculate the reac- 
tions by means of force and equilibrium polygons. Calculate the 
stresses by graphic resolution. Scale of truss, i" — lO'-o”. Scale of 
loads, i" = 3000 lbs. 
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Problem 14, Wind and Ceiling Load Stresses in an Unsym- 
METRiCAL Truss, by Grabhic Resolution. 

(a) Problem. — Given the unsj'mmetrical triangular truss, span 
So'-o", height i6'-o", rollers leeward, wind joint load 4000 lbs., 
ceiling joint load 3000 lbs. Calculate the stresses due to both systems 
of loading by graphic resolution. Scale of truss, i" = 8'-o". Scale 
of loads, i" = 4000 lbs. 

(b) Methods. — Calculate the reactions due to the wind loads, 
using the method of Fig. 33. Calculate the reactions due to ceiling 
loads. Then place the y point of the wind load line on the point separat- 
ing the ceiling load reactions (the x point). The wind loads are laid off 
in order downwards, while the ceiling loads are laid off in order upwards. 
The left reaction, R,, is the resultant of and while the right reac- 
tion, is the resultant of and R^^,. The calculation of the 
stresses is begun at R^, as in Problem 10. The stresses are then 
calculated by passing to joint Cj, then to joint P^, then to Q, etc., until 
the stress diagram is checked up at R^. 

(c) Results. — The members 1-2 and 7-8 are simply hangers to 
carry the ceiling loads. The triangular truss in this problem is of the 
Howe type, the verticals being in tension, while the diagonal web mem- 
bers are in compression. This truss is expensive to build of iron or 
steel but is quite a satisfactory type where iron is expensive and wood 

‘is cheap, and is used for the struts. 

Problem 14a. Wind and Ceiling Load Stresses in an Unsym- 
METRicAL Truss, by Graphic Resolution. 

(a) Problem. — Given the unsymmetrical triangular truss span 
5o'-o", height, i6'-o", rollers windward, wind joint load 4000 lbs., 
ceiling joint load 3000 lbs. Calculate the stresses due to both systems 
of loading by graphic resolution. Scale of truss, i" = 8'-o". Scale 
of loads, i" = 4000 lbs. 


1 . 
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Problem 15. Dead Load Stresses in a Triangular Truss BY 
Graphic and Algebraic Moments. 

(a) Problem. — Given a triangular truss, span 6 o'-o", pitch 
trusses spaced i 5 ’-o", dead load 40 lbs. per sep ft. of horizontal pro* 
jection. Calculate the stresses by graphic moments. Check by calcu* 
lating the stresses by algebraic moments, giving all equations. Scale 
of truss, i"== lo'-o". Scale of loads, i"= 10,000 lbs. Use pole dig" 
tance H = 30,000 lbs. 

(b) Methods. — Use the methods for algebraic and graphic mo- 
ments described in Fig. 28 and Fig. 29, respectively. Calculate alt 
moment arms and check by scaling from the diagram. The pole dil- 
tance is measured in pounds, while the intercepts are measured to the 
same scale as the truss. Take the section and choose the center of mo- 
ments so that but one unknown force will produce moments. Takft 
the unknown external force as acting from the outside toward the 
cut section, the sign of the result if plus will indicate compressiotti 
if minus tension. Be careful to take forces on one side of the CUt 
section only. 

(c) Results. — The kinds of stress in the members are the same 0S 
in Problem 9. The center of moments used in calculating each stress 
can be easily determined from the equations. The method of alge- 
braic moments is much used for calculating stresses in bridges, and 
other frameworks which carry moving loads. The method of grapWt! 
moments is used principally as an explanatory method. 


Problem 15a. Dead Load Stresses in a Triangular Truss W 
Graphic and Algebraic Moments. 

(a) Problem. — Given a triangular truss, span 6o'-o", pitch 
trusses spaced i6'-o", dead lead 40 lbs. per sq. ft. of horizontal pro- 
jection. Calculate the stresses by graphic moments. Check by calcu- 
lating the stresses by algebraic moments, giving all equations. Scldc 
of truss, i" ~ lo'-o". Scale of loads, 1" = 10,000 lbs. Use pole dia* 
tance H = 30,000 lbs. 
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Problem i6. Dead Load Stresses in a Cantilever Truss by 
Graphic Resolution. 

(a) Problem. — Given the Fink cantilever truss, span 4o'-o", depth 
i2'-o", joint load 2000 lbs. Calculate the reactions by means of force 
and equilibrium polygons. Calculate the stresses by graphic resolution. 
Scale of truss, i" = 8'-o". Scale of loads, i" = 1500 lbs. 

(b) Methods.— Calculate the reactions as in Fig. 16, page 30, 
noting that the loads in the two cases are laid off in different order. 
Note that the two reactions and the resultant of the external loads m'eefc 
in a point, and that the reactions can be determined by means of this 
principle. The stress diagram is started with the load P-^ and is closed 
at and R^. 

(c) Results. — The upper chord is in tension, while the bottom 
chord is in compression, which is the reverse of conditions in simple 
trusses. In calculating the stresses due to wind load in this truss, the 
reaction i?i will be in the line of 7-4, and will pass through A, as 
in the case of dead loads. The resultant of the wind loads and the two 
reactions will meet in a point, and the solution is essentially the same 
as for dead loads. It should be noted that the closing line of the 
equilibrium polygon, A-a, has its ends on the line of action of the 
resultants and R^. 


Problem i6a. Dead Load Stresses in a Cantilever Truss by 
Graphic Resolution. 

(a) Problem. — Given the Fink cantilever truss, span So'-o", depth 
i5'-o", joint load 2500 lbs. Calculate the reactions by means of force 
and equilibrium polygons. Calculate the stresses by graphic resolution. 
Scale of truss, i" = 8'-o". Scale of loads, i" = 20oo lbs. 












\ 


44 ^ Problems 

Problem 17. Calculation of the Deflection of a Steel Beam by 

Graphics. 

(a) Problem. — Given a 12" I @31^4 lbs. per foot, span 4o'-o", 
load 5000 lbs. applied i6'-o" from the left support. / = 215.8 in.'*. 
£ = 28,000,000. Calculate the maximum deflection due to the load, and 
the maximum deflection under the load by the graphic method. Scale of 
beam, i" = 6'-o". Scale of loads, ■i" = 20oo lbs. Pole distance, 
H = 4000 lbs. Scale of areas, i" = 60 sq. ft. Pole distance, H' — 240 
sq. ft. 

(b) Methods. — Construct force polygon (a) and draw bending- 
moment polygon (b). Divide polygon (b) into segments, and assume 
that each area acts as a load through its center of gravity. Construct 
force polygon (c), and draw equilibrium polygon (d). Polygon (d) 
is a curve which has ordinates proportional to the true deflections. 

(c) Results. — The maximum deflection comes between the load 
and the center of the beam. If the area of the polygon (b) was meas- 
ured in square inches and the ordinates in (d) measured in inches the 
deflection would bt di = y y. H X, H' -7- E I. In the problem this result 
must be multiplied by 1728. The closing lines of polygons (b) and 

(d) need not be horizontal. The solution given above may be very 
simply stated as follows: Construct the bending-moment polygon for 
the given loading on the beam. Load the beam with this bending- 
moment polygon, and 'with a force polygon having a pole distance equal 
to £ I, construct an equilibrium polygon ; this polygon will be the elastic 
curve of the beam. It is not commonly convenient to use a pole dis- 
tance equal to E /, and a pole distance H is used, where n H equals £ /. 
For a discussion of this subject see Chapter XVa. 

Problem 17a. Calculation of the Deflection of a Steel Beam 

BY Graphics. 

(a) Problem. — Given a 12" I @ 31J4 lbs. per foot span 40'-o", 
load 3000 lbs. applied i6'-o" from the left support, and 3000 lbs. 
applied i2'-o" from the right support. 7 = 215.8 in.*. £=28,000,- 
000. Calculate the maximum deflection due to the load, and the 
maximum deflection under the load by the graphic method. Scale of 
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Problem i8. Dead Load Stresses in a Warren Truss by Graphic 

Resolution. 

(a) Problem. — Given a Warren truss, span I2o'-o", panel length 
2o'-o", depth 2o'-o", dead load 700 llis. per ft. per truss. Calculate 
the dead load stresses by graphic resolution. Scale of truss, 

Scale of loads, i" = 12,000 lbs. 

(b) Methods. — ^The loads beginning with the first load on the 
left are laid off from the bottom upwards. The calculation of the 
stresses is started at the left reaction, and the stress diagram is closed 
at the right reaction. For additional information on the solution see 
page 70. 

(c) Results. — ^The top chord is in compression, the bottom chord 
is ill tension; all web members leaning toward the center of the truss 
are in compression, while the web members leaning toward the abut- 
ments are in tension. All web members meeting on the unloaded chord 
(top chord) have stresses equal in amount but opposite in sign. The 
stresses in the lower chord are the arithmetical means of the stresses 
in the top chord. The Warren truss is commonly made of iron or steel, 
the most common section for the members being two angles placed back 
to back. 

Problem i8a. Dead Load Sresses in a Warren Truss by Graphic 

Resolution. 

(a) Problem. — Given a Warren truss, span i26'-o", panel length 
i8'-o", depth 2o'-o", dead load 700 lbs. per ft. per truss. Calculate 
the dead load stresses by graphic resolution. Scale of truss, i" = 
iS'-o". Scale of loads, i" = 12,000 lbs. 
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Problem 19. Dead Load Stresses im a Howe Truss by Graphic 

Resolution. 

(a) Problem. — Given a Howe truss, span i6o'-o", pane! length 
2o'-o", depth 24'-o", dead load 600 lbs. per lineal foot of truss. Calcu- 
late the dead load stresses by graphic resolution.. Scale of truss, i" = 
25'-o". Scale of loads, i" = 15,000 lbs. 

(b) Methods. — ^The loads beginning with the first load on the left 
are laid off from the bottom upwards. Calculate the stresses by graphic 
resolution, beginning at and checking at R2, following the order 
shown in the stress diagram. 

(c) Results. — ^The top chord is in compression and the bottom 
chord is in tension as in the Warren truss. All inclined web nieinbers. 
are in compression, while all vertical web members are in tension. The 
stresses in the verticals are equal to the vertical components of the 
diagonal members meeting them on the unloaded chord. Stresses in 
certain panels in top and bottom chords are equal. 

The tiowc truss is commonly built with timber upper and lower 
chords and diagonal struts, the only iron being the vertical ties and cast 
iron angle blocks to take the bearing of the timber struts. This makes 
a very satisfactory truss and is quite economical where timber is cheap. 


Problem 19a. Dead Load Stresses tN a PIowe Truss by Graphic 

Resolution. 

(a) Problem.— Given a Howe truss, span ifia'-o", panel length 
i8'-o", depth 24'-o", dead load 600 lbs. per lineal foot of truss. Calcu- 
late the dead load stresses by graphic resolution. Scale of truss, i" = 
25'-o". Scale of loads, i" = 15,000 lbs. 


i 

! 

I 
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Problem 20. Dead Load Stressi-:s in a Pratt Truss bv Graphic 

Resolution. 

(a) Problem. — Given a Pratt truss, span i4o'-o", panel length 
20'-o", deptli 24'-o", dead load 800 lbs. per lineal foot per truss. Cal- 
culate the dead load stresses by graphic resolution. Scale of truss 
i" = 2o'-o". Scale of loads, i" = 16,000 lbs. 

(b) Methods. — The loads beginning with the first load on the . 
left are laid off from the bottom upwards. Calculate the stresses by 
graphic resolution, beginning at and checking at R^, following the 
order shown in the stress diagram. 

(c) Results. — ^The top chord is in compression and the bottom 
chord is in tension as in the Warren and Howe trusses. The inclined 
web members are in tension, while the vertical posts are in compression. 
Member 1-2 is simply a hanger. There is no stress due to dead loads 
in the diagonal members in the middle panel. The stresses in the 
posts are equal to the vertical components of the diagonal members 
meeting them on the unloaded chord. Stresses in certain panels in 
the top and bottom chord are equal. The Pratt truss is quite generally 
used for steel bridges, and is also used for combination bridges, where 
the tension members are made of iron or steel and the compression 
members are made of timber. 


Problem 20a. Dead Load Stresses in a Pratt Truss by Graphic 

Resolution. 

(a) Problem. — Given a Pratt truss, span i6o'-o", panel length 
20'-o", depth 24'-o", dead load 800 lbs. per lineal feet per truss. Cal- 
culate the dead load stresses -by graphic resolution. Scale of truss 
i" = 25'-o". Scale of loads, i" = 20,000 lbs. 
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Problem 21, Dead Load Stresses in a Camel-Back Truss by 
Graphic Resolution. 

(a) Problem. — Given a camel-back (inclined Pratt) truss, span 
i6o'-o", panel length 2o'-o", depth at the hip 25-0", depth at the 
center 32'-o", dead load 400 lbs, per lineal foot per truss. Calculate 
dead load stresses by graphic resolution. Scale of truss, i" = 25'--o". 
Scale of loads, i" = io,ooo lbs. 

(b) Methods. — ^The loads beginning with the first load on the left 
are laid off from the bottom upwards. Calculate the stresses by graphic 
resolution, beginning at and checking at R^. Follow the order 
given in the stress diagram. 

(c) Results. — The top chord is in compression and the bottom 
chord is in tension. All inclined web members are in tension; while 
part of the posts are in tension and part are in compression. Member 
1-2 is simply a hanger and is always in tension. This type of truss is 
quite generally used for steel and comlfination bridges for spans from 
150 feet to 200 feet, and also for roof trusses for long span, where it 
is loaded on the top chord and bottom chord, or on the top chord alone. 


Problem 21a. Dead Load Stresses in a Camel-Back Truss by 
Graphic Resolution. 

(a) Problem. — Given a camel-back (inclined Pratt) truss, span 
i8o'-o", panel length 2o'-o" (three panels with parallel chords), depth 
at the hip 25'-o", depth at the center 32'-o", dead load 400 lbs. per 
lineal foot per truss. Calculate dead load stresses by graphic resolu- 
tion. Scale of truss, i"=:25'-o". Scale of loads, i"= 12,000 lbs. 
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Problem 22. Wind Load Stresses in a Trestle Bent. 

(a) Problem.— Given a trestle bent, height 4S'-o", width at the . 
base 3o'-o", width at the top q'-o", wind loads P^, P^, P3, P4, as shown. 
Calculate the stresses in the members of the bent due to wind loads by 
algebraic moments and check by calculating the stresses by graphic 
resolution. Assume the diagonal members to be tension members, and 
that the dotted members shown are not acting. Scale of truss, 1" == 
lo'-o". Scale of loads, i" = 2000 lbs. 

(b) Methods.— (i) Algebraic Moments; To calculate the stresses 

in the diagonal members take center of. moments about the point A, 
the point of intersection of the inclined posts. Then to calculate stress 
in 1-2, take section cutting 1-2, i-X and 2-7 ; assume the external 
force as acting from the outside toward the cut section, and we have 
i_2 X 15.9 + 3000 X 19.3 = 0 and 1-2 = — 3640 lbs. Stresses in 3-4, 
5-6, 2-3, 4-5 and 6~X are found in a similar manner. To obtain reac- 
tion jRi talce moments about (h), and Pi X 3° + 2000 X I5 + 2000 X 
30-1-3000X45 = 0 and Pi = + 7500 lbs. = — Pa. To calculate 
stresses in 2-F, 4-F and 6-F, take moments about (b), (c) and (d), 
respectively. To calculate stresses in 3 ~-^ 5 “ P." moments 

about (f) and (g), respectively. (2) Graphic Resolution; The loads 
Pi. P2. Pa and P^ arc laid off horizontally as shown, and with load 

at (c) the stress triangle F-2-4 is drawn. The remainder of the solu- 
tion can be easily followed. 

(c) Results.— For the reason that the wind may blow from the 
opposite direction, both sets of stresses must be considered in de- 
signing each leg. 

Problem 22a. Wind Load Stresses in a Trestle Bent. 

(a) Problem.— Given a trestle bent, height 45'-o", width at the 
base 30'— o", width at the top , wind loads P^, P^t P^> Pi. Rs shown, 
and P^ — 3000 lbs. acting 8'-o" above top of trestle. Calculate the 
stresses in the members of the bent due to wind loads by algebraic 
moments and check by calculating the stresses by graphic resolution. 
.Assume the diagonal members to be tension members, and that the 
dotted members shown are not acting. In solving the stresses by 
graphic resolution continue the posts up to the line of P^ and substi- 
tute an auxiliary panel to transfer Pg to the bent. Scale of truss, l" « 
lO'-o". Scale of loads, i" = 3000 lbs. 
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Concrete slabs 
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Corrosion of steel 330 

Corrugated floor 295 
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Cost of 244 
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Diagram tor safe loads 230 

Plashing 233 
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Design of 23 j 

I’lnns 244 

Plans for transformer 243 

Rooflng 246 

Rotary nliear for cutting 227 
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Steel lists for transformer build- 


ing 243 

Strength of 2^0 

Tests of 231 

Weight of 8, 225 

Cost — see estimate of cost, and cost 
under different items. 

Estimate of 346 , 349 

Of miscellaneous materials 355 

Standard hardware lists 357 

Of material 351 

Of mill details and shop work 353 

Crane girders 224 

Details of 3S0, 382 

Deflection of beams is8 

Deformation diagram 134 


Design — see Article for which design 
is wanted. 

Details — see Article for which details 
are wanted. 

Diagram for stress in bars due to 


their own weight 149 

Diffusion of light 299 

Doors 

Paneled 322 

Wooden 322 

Sandwich 323 

Steel 323 

Details for 325 

Cost of 32S 

Draw bridges, reactions of 169 

Fastening corrugated steel 227 

Eerroinclave 260, 295 

Finishing coat of paint 338 

Floors 281 

Brick 284 

Brick arch ■ 290 

Buckled plates 296 

"Buckeye” fireproof 294 

Cement 282 

Corrugated 29s 

Corrugated iron arch 291 

Expanded metal 292 

Ferroinclave 29s 

Roebling 293 


Multiplex steel 295 

Steel plates 296 

Tar concrete 284 

Wooden 282 

Floor beam reaction. Maximum .... 81 
Foundations 

Bearing power of piles 273 

Bearing power of soils 272 

Design of footings 278 

Pressure of walls on foundation ..275 
Pressure of pier on foundation ...276 
Pressure of column on masonry ..278 

Girders, crane 224 

Girders, design of 22 1 

Glass 

Amount of light required 310 

Cost of 304 

Details of windows ....307 

Diffusion of light 299 

Double glazing 307 

Kinds of 298 

Factory ribbed 299 

Maze 299 

Plane 298 

Plate 298 

Prisms . .299 

Ribbed 299 

Wire 299 

Window 298 

Relative value of different hinds . .299 

Placing the glass 30a 

Size of 304 

Window shades 303 

Government Building, St. Louis Ex- 
position t 385 

Granite roofing 259 

Graphic equation of elastic curve ... 158 

Gravel roofing 254 

Ground floors 281 

Hardware lists 357, 358 

Influence diagram 77 

Iron oxide 333 

Iron, classification 35a 

Iron, corrugated — see Corrugated 

steel. 
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Linseed oil 

Lists, standard hardware 357, 338 

Loads 

Dead loads 4 

Weight of covering 8 

Weight of cranes iS 

Weight of girts 8 

Miscellaneous material ig 

Weight of purlins 8 

Weight of structure g 

Loads on simple roof trusses ... 47 

Concentrated live loads 21 

Snow loads to 

Wind loads t2 

Miscellaneous loads 17 

Live loads on floors 17 

Locomotive shops 

A. T. & S. F ig7, 367 

Oregon Short Line ig5 

Philadelphia & Reading 372 

St. L. I. M. & S igS 

Union Pacific 196 

Methods of calculations 

Algebraic moments 44, 72 

Algebraic resolution 40, 6s 

Graphic moments 46, 73 

Graphic resolution 42, 70 

Also — see Stresses. 

Mill buildings 

General design of 17S 

Specifications for 391 

Types I 

Masonry walls 3 

Masonry filled walls 2 

Steel frame i 

Miscellaneous loads 

Live loads on floors 17 

Weight of electric cranes 18 

Weight of hand cranes 18 

Weight of miscellaneous material.. 19 
Miscellaneous structures 

A. T. & S. F. shops 197, 367 

Government Building, St. Louis 

Exposition 385 

Philadelphia & Reading shops .... 372 


Reinforced concrete round-house 

for Canadian Pacific R. R 388 

St. Louis Coliseum 3^3 

Steam Engineering Buildings 

Brooklyn Navy Yard 381 

Steel Dome West Baden Hotel ...359 

Mixing paint 

Modified saw-tooth roof 186 

Moment of inertia of areas 38 

Moment of inertia of forces 35 

Culmann’s method 35 

Mohr’s method 36 

Moments 

Algebraic 56, 57, 72 

Graphic 32, 46, 56, 57, 73 

Moments in beams 

Concentrated loads S6 

Concentrated moving loads 59 

Maximum moment in a truss 77 

Uniform loads 57 

Uniform moving loads 59 

Monitor ventilators 317 

Moose Jaw Round-house 388 

Multiplex steel floor 295 

Oil, linseed 331 

Oil, paint 330 

Paint 

Applying the 33 S 

Asphalt 339 

Carbon 333 

Cement paint 339 

Cleaning the surface 336 

Coal-tar paint 339 

Cost of 336 

Covering capacity 334 

Finishing coat 338 

Iron oxide 333 

Lead 332 

Linseed oil 33 1 

Mixing the 334 

Oil paints 330 

Priming coat 337 

Proportions 334 

References on paint — • 34° 

Zinc 333 
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Painting 

Appiying the paint 33 S 

Cost of 337 

Cleaning the surface 336 

Paneierl doors 322 

Philadeiphia & Reading shops 372 

Pins, stresses in 154 

Pitch of roof 191 

Pitch of trusses 192 

Plate girders 221 

Polygon 

Equilibrium 26 

Force 24 

Moment 56, S 7 . 59 , 61, 73 

Shear 56, 57, 59, 6t, 74 

Portais 

Anchorage of columns 115 

Stresses in 

Continuous portals 117 

Double portal 118 

Simple portals, columns hinged 

Algebraio solution ito, 112 

- Graphic solution 112 

Simple portals, columns fixed 

Algebraio solution 115 

Graphic solution 117 

Portland cement paint 339 

Pressure of columns on masonry 278 

Pressure of pier on foundation 27S 

Pressure of wall on foundation 276 

Proportiohs of paint and oil 334 

Purlins 213 

Reactions of 

Beams 29, SS 

Cantilever truss 30 

Draw bridges 159 

Overhanging beam 55 

Three-hinged arch 120, 121 

Transverse bent 103 

Two-hinged arch 128, 131, 133 

Resolution 

Algebraic 40, 65 

Graphic 42, 70 

Red lead 332 

Reinforced round-house 388 

References on paint and painting ...340 


Roebling floor 293 

Roof, pitch of 1 91 


Roof trusses — see Trusses. 

Stress in — see Stresses. 

Roof coverings for railway buildings. 261 


Roofing, 

Asbestos 185, 238 

Asphalt 237 

Carey’s 259 

Corrugated steel 246 

Cost of 246, 262 

Examples of 261 

Ferroinclave 260 

Granite 259, 262 

Gravel 234, 262 

Paroid 262 

Ruheroid 259, 262 

Slag 256, 375 

Sheet steel 253, 263 

Slate 247, 262 

Sparham 261, 262 

Tile 250, 261, 262 

Round-Iiouse 388 

Ruheroid roofing 259 

Saw-tooth roofs. 177, 183, 184, 185, i 85 , 
187, 188, 189, 190, 202, 368, 369 

Boyer plant 183 

Brown & Sharpe foundry 184 
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Carnegie Channels. 
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Carnegie Angles. 

Areas in Square Inches. 
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Maximum Allowable Bending Moments in Pins for Various 
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